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Every bearing order “weighs” the same at Bound Brook 


We give the same special attention to each 
order . . . every step of the way, from en- 
gineering through production through shipping. 
Our two manufacturing plants give us the 


extra flexibility to meet equally well the needs 


of the smallest manufacturer . . . or the largest. 
Whatever your quantities and designs for self- 
lubricated iron and bronze bearings . . . you 
can rely on Bound Brook for ‘‘custom’’ service 


and prompt deliveries. 


BOUND BROOK BEARING 


CORPORATION OF AMERICA 


A BIRFIELD COMPANY 
Pioneer in Powder Metallurgy Bearings and Parts *« Plants at Bound Brook, N.J. and Sturgis, Mich. 
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this small valve 
can do a big valve’s work 


TRoss 


NEW “HEADLINE” SERIES 


This story has made the Ross Headline 
valve series a “standard” in the world of 
valvedom in just six short months. There 
is nothing “exotic” about it. Our designers 
and manufacturing engineers have simply 
been able to create an economical inline 
valve that will pass a greater volume of air, 
valve size-for-valve size, than any other 
valve made. The Headline valve thus in 
many instances permits you to use a 


smaller valve than you could use before. 
Since this has been done without com- 
promising Ross traditional quality, and 
long-life is thus taken for granted, the 
“Headline” series then represents prob- 
ably the best valve value available today. 
Straightways, 3-ways and 4-ways. Pipe 
sizes, 44” through 11%”. 

Call your Ross representative or write 


for Bulletin 323. 


For other Ross valves see our catalog in Sweets 


Product Design File. 





IRoss OPERATING VALVE COMPANY 
109 EAST GOLDEN GATE AVE. + DETROIT 3, MICHIGAN 
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minute 
articles 


of lead... 


improve surface finish 


On these center aligning balls used in automotive universal 
joints, CHARLESTON METAL PRODUCTS switched from 
A.1.S.1. 52100 to the same grade of steel /eaded.* They now 
report improved surface finish . . . a 15% increase in tool life 

more uniform tolerances in finished parts. They also note 
that wear and shock resistance are not affected and uniform 
high hardness (RC 62-63) is maintained. Distortion remains 
ata minimum. 


Results like these are not at all unusual when users switch 
tc free-machining Aristoloy lead-treated steels. 

For complete information about Aristoloy e/ectric furnace 
bars and billets—call your local Copperweid representative 
or write today. 


*Inland Ledloy License 


: DIVISION OF 
peice! COPPERWELD 
STEEL COMPANY 


ARISTGLOY STEEL DIVISION ey 4017 Mahoning Ave., Warren, Ohio - EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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a new look at hollow conductors 


Cross sections of some typical hollow copper conductors produced by Anaconda American Brass Company 


Anaconda makes conductors to meet new needs 
in fluid cooling of windings, bus, and heat sinks 


The high electrical and thermal conductivities of copper 
—the highest among commercial metals—are being uti- 
lized in fluid-cooled conductors to do a host of new jobs. 

Fluid-cooled copper conductors are making possible 
more compact electrical assemblies to handle high cur- 
rent densities and uses are growing rapidly in large elec- 
trical equipment. Generator output, for example, can 
be greatly increased, without increasing frame size, by 
cooling the stator bars. 

In such applications as heat sinks for power rectifiers 
and induction furnace coils—where controlled heat dis- 
sipation is essential—the use of fluid-cooled copper con- 
ductors is a natural. 

Water-cooled windings produce the very high flux 
densities needed in the compact equipment for the 
ceramic magnet manufacturing process. ‘The current 
range in these “solenoids” is from a few hundred to 
about 2000 amperes. 

Of course, the most spectacular applications of fluid- 
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cooled conductors are in nuclear physics magnets. 
These hollow conductors range from tube .182” square 
O.D. x .083 square I.D. to heavy rectangular bars with 
a round core for water cooling. 

TECHNICAL ASSISTANCE. The cross sections of hollow con- 
ductors shown above indicate but a few of the many 
ways in which Anaconda American Brass is shaping 
copper to meet these new needs. Whatever your re- 
quirement, Anaconda specialists will gladly help you 
work out the size and shape best adapted to your needs. 
For such assistance, see your Anaconda American Brass 
representative, or write: Anaconda American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 


ANACONDA’ 


COPPER PRODUCTS FOR THE ELECTRICAL INDUSTRY 
Anaconda American Brass Company 


617 
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VW Squares Off 
For the Compact Contest 


HORTER and_nar- 

rower than the °6l 

compacts, the new Volks- 

wagen entry in the mid- 

dle-size car field will 

stand taller than most 

American cars now in production. Powered 

by a larger engine than the popular beetle- 

shaped model (91 cu in., 53 bhp vs. 72.7 

cu in., 40 bhp), the VW-1500 will seat five 
and attain a top speed of 81 mph. 

The four-speed gearbox, packaged with 
the differential in a common magnesium 
housing, and the engine are still mounted in 
the rear, even though a rear trunk has been 
added to the bigger VW. To make room for 
the trunk, the engine-cooling fan is mounted 
directly on the camshaft. 

In addition to the second trunk, which, 
acco~ ting to VW spokesmen, makes it pos- 
sible to carry enough baggage for five people, 
the interior of the car has been redesigned 
for greater driver and passenger comfort. 
Arm rests, sun visors, and windshield wash- 
ers are standard equipment, and there are 
safety-belt mounting points for all seats ex- 
cept the middle one in the rear. 

The car is scheduled to make its debut 
at the Frankfort Motor Show in August. 





4 cyl, ohv 
Air cooled 
Rear mounted 
Power, SAE (bhp) 53 @ 4000 
Compression ratio 7.2:1 
Displacement (cu. in.) 91.1 
Bore (in.) 3.3 
Stroke (in.) 27 





Dimensions (in.) 
And Weights (Ib) 


Length 
Wheelbase 
Width 
He'ght 

Front Track 
Rear Track 
Curb Weight 
Total Weight 


166.3 
94.5 
63.2 
58.1 
51.4 
53.0 

1896 
2756 


Miscellaneous 


Gear ratios: 


First 
Second 
Third 
Fourth 


Reverse 


Maximum speed (mph) 
Fuel-tank size (U. S. gal) 
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From Ojilgear Application-Engineering Files 


HOW OILGEAR Any-Speed DRIVE SYSTEMS ON SCHMUTZ 6-COLOR PRINTING PRESSES 
HELP BOOST PERFORMANCE, EFFICIENCY, ECONOMY, CONVENIENCE — IN LESS SPACE 


CUSTOMER: Schmutz Manufacturing Company, Louisville, Kentucky. 


PROBLEM: Main and rewind drives with control sys- 
tems for web-fed, 6-color printing presses for printing 
packaging stock — from 50 or 60-lb kraft, to con- 
tainer and food board. Web widths vary from 40”to 
84”, with impression “repeat” varying from 14” to 84”. 


REQUIREMENTS: i. Constant or absolute tension on 
the press section to provide “dot-to-dot” register over 
an infinitely variable (stepless) speed range from 0 to 
1000 feet per minute . . . and hold set speed and ten- 
sion without variation regardless of fluctuations in 
load, electrical power input, or temperature. 


ABOVE: Rewind end of an Oilgear-equipped, 84” Schmutz High Speed Press — with 
84” maximum impression repeat, speed range from 0 to 1000 fom — with constant 
accelerstion and deceleration rates. Oilgear Rewind Drive, indicated, can hold in 
stalled condition indefinitely —— follow press speeds and rewind from a 4” core to 
60” roll. The variable, constant or drooping tension characteristics with absolute 
constant or decreasing tension — without any steps whatsoever — enable this Oil- 
gear-powered 6-color press to hold register closer than previously experienced. 


SOLUTION: Three separate Oilgear Servo-Valve-Con- 
trolled Pump and Motor Drives to provide stepless, 
infinitely variable speed control. Fully interlocked feed- 
back systems hold speeds and tensions to a new high 
degree of accuracy unobtainable with the adjustable speed 
electrical drives formerly used. An Oilgear “Plus” fea- 
ture — “memory” — permits the press to be stopped for 
periods of several hours, and if not reset, will automa- 
tically resume operation at the identical former speed 
and tension. Space requirements are drastically reduced 
— Oiigear Direct-Drive, Fluid Power Motors are smaller 
than the gear reducers formerly required —and space 
consuming power rectifiers are eliminated. Operating 
economy has been improved — Oilgear Drives use less 
than 14 the former input power. Oilgear Drives do not 
require high-speed blowers for cooling — are whisper- 
quiet in operation .. . can hold stall-speed indefinitely 
without overheating. Another advantage—lower installed 
cost. These are some of the major advantages that help 
convince Schmutz to “join the swing” to Oilgear Drives 
and Control Systems . . . user satisfaction is, of course, 
the ultimate factor. 


For example, one Schmutz customer reports — “Our 
press is in operation 24 hours per day—6 days per 
week. We can measure our Oilgear maintenance in nickels 
per year . . . with previous drives we had to carry $1000 
worth of tubes in stock.” 


2. Provide either constant or tapering tension for 
rewind — from 4” cores to 40” or 60” dia. rolls. 
3. Must be economical from the standpoints of in- 
stalled cost — operation and maintenance — floor 
space — and electrical power input. 4. Clean, quiet 
operation — with minimum heat dissipation. 5. To 
be “packaged” or pre-assembled for simplicity and 
speed of installation. 6. Eliminate, if possible, the 
long lineshaft drive that “closed up” one side of the 
press. 7. Be capable of dependable, trouble-free, con- 
tinuous, ’round-the-clock operation. 

Application-Engineered Fluid Power System 

UL SEARE For 6-Color Printing Press 


This is merely one of innumerable “problem drives” solved 
by Oilgear Application-Engineering teamwork — and Oil- 
gear ANY-SPEED Drives and Control Systems. . . for new 
standards of performance — greater accuracy, precision 
control of speeds, torques, tensions . . . for new econ- 
omy of operation, installation, maintenance, and valuable 
floor space . . . for longer, more dependable life. These are 
sound, basic, installation-proved reasons why there are 
more and more Oilgear users in the paper, printing and 
converting, marine, food and beverage, chemical, pharma- 
ceutical, primary metals, metal-working, textile, rubber, 
military, and other industries who all agree that .. . 


“for the lowest-cost-per-year .. . it’s OILGEAR!’’ 


For practical solutions to YOUR rotary or linear drive and 
control problems, call the factory-trained Oilgear Application- 
Engineer in your vicinity. Or write, stating your specific re- 
quirements, directly to... 


THE OILGEAR COMPANY 


Application-Engineered Fluid Power Systems 
1568 WEST PIERCE STREET © MILWAUKEE 4, WISCONSIN 
Phone: Mitchell 5-6715 — Direct Distance Dialing Code — 414 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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Air Stream Sets Spacing 
In Film-Disc Memories 


Boston—T\7o new external memory 
units, developed by Laboratory for 
Electronics Inc., cram up to 2 million 
bits of data in a volume of 2.36 cu 
ft, and 800,000 bits in 0.66 cu ft re- 
spectively. Highly reliable, and capable 
of operating under unfavorable en- 
vironmental conditions, the units spin 
one or more limp discs (made from 
magnetic recording tape) past station- 
ary read/write heads to store and sup- 
ply information. 

Fourth and fifth models in the LEI 
line of information-storage devices, the 
memories are called Bernoulli Disks 
because of the fluid-motion principles 
involved in designing for the proper 
head-to-tape gap. The magnetic disc 
hangs limp when the device is not op- 
erating; when the disc is spinning, cen- 
trifugal forces, coupled with the hy- 
drodynamic forces of an air stream, 
maintain a l-mil gap between disc and 
heads. 

Advantages of the thin-film disc in- 
clude: 1. Space economy, the package 
is designed in the plane of the disc. 
2. Lighter weight and lower cost than 
conventional magnetic-storage devices. 
3. Immunity from shock and vibration. 
4. Low mass and inertia of the disc. 
5. Positive separation of storage medi- 
um and recording heads. 


Piate Maker 
For the Drafting Room 


Drawn, written, typed, or printed mate- 
rial—black and white, color, or half- 
tone—can now be reproduced on paper 
offset plates; finished sizes can range 
from 200 per cent enlargement to two- 
to-one reduction. The new Electricon elec- 
trostatic camera/processor, developed by 
Robertson Photo-mechanix Inc., Chicago, 
automatically produces and delivers a 
plate in 60 sec. Combining a_high- 
quality camera with an automated han- 
dling system, the processor turns out 
plates suitable for production runs of up 
to 300 copies. 








Flexible dise of magnetic recording tape (A) rotates close to a smooth 
back plate (B) in which read/write heads (C) are embedded flush with 
the smooth surface. The disc is attached by flanges directly to the 


back-plate bearing cariridge 
(D). An air-inlet orifice is lo- 
cated adjacent to the shaft, 
permitting air to enter be- 
tween the rotating disc and 
the stabilizing plate. Other 
labeled parts are the connec- 
tor ring (E) and the motor (F). 
In motion, the limp disc, flat- 
tened by centrifugal force, 
pumps air through the orifice 
and out ait the periphery. 
Hydrodynamic forces balance 
centrifugal and elastic forces 
in the disc, controlling the 
gap between heads and tape. 
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ELIMINATES MISALIGNMENT STRAIN 


maintains 
equal load distribution 
despite 


changing misalignment 


Here is an important point to consider if you want an 
extra measure of life and customer satisfaction in the 
equipment you design. 

For maximum bearing life, there is only one best way 
to carry a load: carry it so it is equally divided between 
the two sets of rollers. This way, you avoid unequal 
loading—eliminate strain and utilize the full capacity 
of all bearing components. 

Inthe Shafer-Rex design, misalignmentis eliminated 
before it reaches the rollers. So, despite shaft mis- 
alignment, the load in a Shafer-Rex is always aligned 
and equally divided on the rollers—providing extra 
protection against the strain of any punishment that 
might be dished out. 

Original Shafer-Rex design is the reason. The inner 
race of a Shafer-Rex Self-Aligning Roller Bearing is a 
seginent of a sphere; rollers are concave. With this 
design, the only part affected by misalignment is the 
inner race. Roller assemblies remain in the aligned 
position, carry the load equally to assure uniform load- 
ing through the center of each roller—a real lifesaver. 


For information, write: CHAIN Belt Company, 4643 
W. Greenfield Ave., Milwaukee 1, Wis. in Canada: 
Rex Chainbelt (Canada) Ltd., Toronto and Montreal. 


~ SELF-ALIGNING 
ROLLER BEARINGS 
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Sheets of eight different types of neoprene were mounted on exposure racks 
in 1949. Strips were cut from the sheets and tested at the beginning of the 


program and cfter 5, 10, and 20-year intervais. 


Twenty-Year Exposure Proves Neoprene Tough 


Witmincton, Det.—Long-term ex- 
posure tests have shown that neo- 
prene vulcanizates have an outdoor 
service life approaching 50 years, 
and that they are every bit as 
weatherproof as had been predicted 
from accelerated life testing. 

When the program was initiated, 
scientists at Du Pont Co, measured 
four physical properties (modulus at 
100 per cent elongation, tensile 
strength and elongation at break, 
and durometer hardness). At various 
intervals, properties of exposed sam- 
ples were measured. Over a 20-year 
period, modulus increased from 400 
to 1325 psi, tensile strength dropped 
from 1775 to 1500 psi, elongation 
decreased from 340 to 100 per cent 
of unstretched length, and hardness 
increased from -68 to 89. When 
elongation is chosen as the service- 
ability criterion, extrapolation of the 


data indicates that neoprene has a 
service life of 50 years in “compara- 
tively static” applications (where 
minimum satisfactory elongation is 
50 per cent). 

Correlations with accelerated-aging 
data show that outdoor exposure for 
64, years is equivalent to air-oven 
aging at 121 C for 3 days; exposure 
for 15 years is equivalent to 7 days 
at 121 C. One day in the oven is 
equal to 2.1 years outside. 


Today’s neoprene  vulcanizates 
could do even better, Du Pont 
spokesmen claim. By 1961 stand- 
ards, the test compounds were not 
designed for maximum weatherabil- 
ity—compounding techniques have 
been greatly improved. In addition, 
thicker neoprene sections (Du Pont’s 
test specimens were 0.075-in. thick) 
would retain good properties for a 
much longer period. 


After 20 years, only stubs of the orig- 
inal neoprene sheets remained, but, as 
shown, these were still smooth and 
flexible. Four of the eight test com- 
pounds are no longer manufactured, 
but the other four, based on a gen- 
eral-purpose neoprene polymer, are 
still widely used. Data show that 
when neoprene is used in a compara- 
tively static application, its service life 
should be as high as 50 years. 





Topics 


Well-mannered garbage grinder, de- 
signed to munch silently, is being de- 
veloped by National Rubber Machin- 
ery Co., Akron, Ohio. The part of 
the appliance which attaches to the 
drain opening is made of rubber to 
absorb vibration caused by grinding 
instead of transmitting it to the sink, 
producing noise. 

e ¢ @ 


Three-ring circuit: A console de- 
signed to keep everybody happy has 
three TV screens, a hi-fi phonograph, 
and an FM radio. Television watchers 
use earphones to receive sound from 
their separate programs, and each 
screen has a remote control for channel 
switching. 

a 


Heavy aluminum consumption in the 
U. S.—expected to reach . 4,000,000 
short tons by 1967—is reported by 
Arthur D. Little Inc. This is twice 
the amount used in 1959, and it 
should more than double again by 


1975. 
e ee 


The human voice is put to work 
in a batteryless radio transmitter in- 
vented by George W. Bryan Jr. The 
transistorized  voice-powered __ radio 
phone changes the physical energy 
of sound waves into electrical energy 
strong enough to broadcast. Mr. 
Bryan’s experimental model, housed in 
a handset telephone, has a_ short 
antenna. Broadcasts with test models 
have been heard 100 yards away, and 
further refinement is expected to ex- 
tend the range to a mile or two. 


Finding its niche? Television 
(closed-circuit, with mobile cameras) 
is being used in some cities for in- 
specting sewer pipes for leaks, cracks, 
and obstructions. 

e ee @ 


Changing of the guard has neces- 
sitated a changing of the paving ma- 
terial outside Buckingham Palace. Af- 
ter the sentries were moved inside a 
railing to separate them from too- 
curious tourists, their pacing began to 
wear away the asphalt surface between 
sentry boxes. They are now testing a 
new paving material containing a 
toughening additive “based on a chemi- 
cal product of a resinous nature” and 
mixed with sand, granite chips, and 
cement. Besides holding up under 
the heavy-boot treatment 24 hours a 
day, the new material is expected to 
find application as standing ground for 
jet aircraft. It was developed by 
Stonhard Co. Ltd., which is affiliated 
with Tremco Mfg. Co., Cleveland. 
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Yow local Gates 


Fieldman 


PRAT 0 TANTS AS 


can give you valuable technical 
aid for hydraulic hose 
applications 





Diagram of hydraulic system in Blackwelder Fork Lifts for every farm material-handling opera- 
tion. White lines indicate Gates Hose for hydraulic fluid operating lift, tilt and shift cylinders. 


The Gates Fieldman located near you 
is a highly-qualified hydraulic hose 
expert. He can share with you the ac- 
cumulated design experience gained 
by Gates from years of working with 
leading manufacturers of hydraulically 
operated equipment. He will be glad 
to work closely with you through all 
stages of design, development and 
manufacturing to assure top perform- 
ance of your hydraulic systems 

In designing a hydraulic system, 
selection of the proper hydraulic hose 
for the job is an important considera- 
tion. Gates Hydraulic Hose is con- 


structed to meet or exceed SAE speci- 
fications. It is a top-quality product of 
Gates continuing program of Special- 
ized Research. 

Gates Hydraulic Hose is quickly 
available nation-wide in bulk lengths 
and coupled assemblies of wire-braided 
and cord-braided construction. It 
comes in a complete range of types 
and sizes for medium-pressure and 
high-pressure applications. 

Contact your nearby Gates Fieldman 
for expert hydraulic design aid. Ask him 
for Gates Hydraulic Hose Assemblies 
booklet, 1H43. 


The Gates Rubber Company, Denver, Colorado 
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Gates Hydraulic Hose 
is quickly available 
anywhere from 
11d) SOLS 
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Levacar: 
Ready for the Railroads 


Dearsorn, Micu.—Some o! the nation’s leading 
railroads are now taking a careful look at the Leva- 
car, evaluating it as high-speed intercity trans- 
portation system. Designed by Ford Motor Co., 
the wheelless vehicle would glide on a thin film 
of air above special rails at speeds up to 500 mph. 

Ford engineers and officials of the Pennsylvania 
Railroad are discussing the design of an experi- 
mental Levacar system that would operate between 
New York and Philadelphia. Able to accommo- 
date 200 passengers and make the trip in 38 min- 
utes (the cities are 92 miles apart), the train 
would weigh about 38 tons, and would measure 
124 ft long by 11 ft wide by 13 ft high. Accord- 
ing to Ford’s Dr. Andrew A. Kucher (vice presi- 
dent, engineering and research), the system could 
be put into operation within five years after the 
go-ahead is given. 


Slipper frame 


Supporting levapad 


High-pressure air between 
main levapads and the rails 
lifts the vehicle. Other leva- 
pads, mounted at the side, 
prevent lateral motion, and 
a bottom set (not shown) 
‘fires’ upward to position 
Levacar and keep it from 
floating off the track. 


The Pennsylvania is not alone in showing in- 
terest in the vehicle. Preliminary designs for a 
Levatrain have convinced the president of the 
New York Central that the system is feasible, and 
the Santa Fe has assigned two of its top engineers 
to work with Ford on design details. 

Levacar differs from other air-supported vehicles 
in two ways: It rides only a few thousandths of 
an inch off the ground; it is supported (on what 
are called levapads) on only a small surface. The 
air cushion operates at high pressure, and the ve- 
hicle will only travel over very smooth surfaces. 
Propulsion will be supplied by turboprop engines 
using shrouded propellers; turbocompressors, sized 
to provide about 20 hp per ton lifted, will pro- 
vide levitation. Advantages of the system would 
include high speeds (100 to 500 mph), safety, 


and centrally located passenger terminals. 
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ANTI-FRICTION 
=Jo Vidi fe 
NEEDS 


Choosing exactly the right bearing can mean a vital dif- 
ference in performance, cost and product life. That’s 
why it pays to call Torrington first. 


Torrington makes every basic type of anti-friction bear- 


ing ... can advise you impartially on the best bearing 
for your application. Needle, roller or ball. . . you won’t 
find finer bearings than Torrington. Specify with con- 
fidence. If you have a bearing problem, call or write 
us today. Send for catalog information. 

1. Drawn Cup NeepLe Bearinc. Maximum radial ca- 
pacity in minimum cross section. Easily positioned by 
press fit. 2, Drawn Cup Rotier Bearine. Ample lubri- 
cant storage for smooth starting, cool running, extra- 
long service life. 5. Heavy Duty Rotier Bearinc. Top 


progress through precision 


bearing efficiency and long life under toughest shock 
conditions. 4, Rotter Turust Bearine, Precision built 
for outstanding performance. Large Controlled Contour 
rollers for maximum capacity. 5, SELF-ALIGNING BALL 
Busuinc. Low cost unit for top performance in rugged 
applications. 6. SpHericaAL ROLLER BEARING PILLOW 
Brock. High radial and thrust capacity. Fast, easy 
installation. Grease or oil-bath lubrication. 7, NEEDLE 
Turust Bearinc. Unequalled capacity for size and 
weight. Runs directly on hardened ground surfaces, or 
on standard thrust races. 8. Cam Fottower. Exceptional 
combination of high capacity, maximum toughness, de- 
pendable performance under shock loads. 9, SPHERICAL 
Rover Bearine. Precision engineered for maximum 
efficiency, optimum service life. Self-aligning. 


TORRINGTON BEARINGS 
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Test Firings Prove Plug Nozzle Feasible 


Marta, N. Y.—The plug-nozzle rocket engine has 
now been successfully static fired (at the General 
Electric Rocket Test Station) at more than 50,000- 
lb thrust. Important because it may quickly (and in- 
expensively) narrow the gap between American and 
Soviet propulsion systems, the radical liquid-propel- 
lant powerplant will allow rocket designers to scale 
up thrust levels to multi-million pound ratings, ac- 
cording to GE propulsion engineers doing the de- 
velopment work. 

Half as long as its contemporaries and shaped like 
a funnel rather than a bell, the plug-nozzle engine 
does away with “cut and try” methods of large- 
rocket development. Combustion takes place in small 
segmented cells located around the periphery of 
the conical plug, and the number of cells can be 
increased almost without 
limit to obtain engines 
of any desired size. In 
contrast, increasing the 
thrust of a conventional 
engine involves, among 
other things, enlarging 
the propellant injector— 
creating combustion 
problems that can only 
be solved by major de- 
velopmental efforts. 


Isotope Refrigerator Nudges Absolute Zero 


NBS Unit Generates 0.26 K Temperature 


WasHINGTON—Scientists  study- 
ing cryogenic phenomena can 
now get “conveniently” closer to 
absolute zero by almost 3/4 of a 
degree. Using helium isotope 
(atomic weight 3) as the 
working fluid, a new refrigera- 
tor, developed by National Bu- 
reau of Standards, lowers tem- 
peratures attainable by other 
than magnetic-cooling methods 
from | to 0.26 K. 

A mercury ejector pump (cen- 
ter of photo, right) circulates the 
He* at a pressure of about 35 
mm Hg. The liquid isotope evap- 
orates through a siainless plug 
into an evacuated space in the 
evaporator (left). Coils at the 
bottom of the evaporator are used 
for measuring temperature of the 
refrigerator. 
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Contaminants Blamed 
For Bearing Failures 


Cuicaco Heicuts, Itt.—Erratic per- 
formance and premature failure of 
precise bearing surfaces and metal 
wear parts are primarily due to 
minute nonmetallic contaminants, 
according to a research report pub- 
lished by the Electrolizing Co., Div. 
of Advance Industries Inc. These 
abrasives, previously unsuspected, 
are mechanically embedded or elec- 
trostatically bonded to components. 
Microscopic analysis and evaluation 
of more than 8000 new and failed 
precision parts led the company’s 
researchers to conclude that abrasive 
particles—introduced by finishing 
operations (grinding, honing, polish- 
ing), lubricant contamination, and 
the operating environment—cause 
81 per cent of the failures. 


Clean Isn't Good Enough 


Even when extreme care is taken 
in cleaning surfaces, abrasives can 
still be present. The contaminants 
cannot be detected by commonly 
used microscopic-inspection — tech- 
niques, and they defy removal by 
conventional and ultrasonic clean- 
ing procedures. 

Abrasives were found on 59 per 
cent of the “clean” surfaces exam- 
ined at up to 400X magnification. 
“Early in the investigation,” the 
Electrolizing Co. report continues, 
“it became apparent that costly 
quality-control programs, which in- 
clude the use of white rooms with 
atmospheres filtered to exclude mi- 
croparticles, fall short of their ob- 
jective.” 


Reasons for Chrome-Plate Failures 


Analysis of 680 failed chromium- 
plated specimens showed that 68 per 
cent of the samples had contained 
fragmented nonmetallic abrasives 
before they were plated, and that 
peeling and spalling of the chrome 
plate occurred in areas where the 
particles limited adhesion of the 
chromium to the base metal. 


Firmly embedded particles cause 
plating failure, abrade mating sur- 
faces, and accelerate wear. Loosely 
embedded particles that become dis- 
lodged prior to plating create voids 
and provide sites for galvanic action 
and accelerated corrosion. Particles 
dislodged during cycling cause scor- 
ing, galling, seizure, and failure. 
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Through the decades, historical documents have proved the durability of vellum as 


indicated by the facsimiles of Civil War engineering drawings above, reproduced on 


PostT Blutex Tracing Vellum. 


We'll accept your test 
on which vellum is best 


To judge a tracing medium thor- 
oughly, you must combine function- 
al tests and personal reactions to 
three characteristics. 


Erasing and re-erasing 

Post Blutex erases easily during in- 
itial drafting. More important, it 
erases readily even after repeated 
exposure to ultra-violet sources. Test 
this by taping a small sample to a 
sunlit window for several days. 


Reproducing, again and again 
Blutex is a blue-white sheet with 
excellent visual contrast. It main- 
tains close to its original degree of 
light transmission after many trips 
through the copy machine. There is 
no appreciable yellowing or ageing 
after months or years of alternating 
storage and reprint use. Blutex has 
faster, more consistent print-back 
qualities than many sheets which 
appear more transparent originally. 
Drafting and re-drafting 

With whatever pencils you normally 
use, test the Blutex sample. Its dry, 
semi-smooth surface encourages 
graphite adhesion, outstanding line 
density. Post transparentizing resins 


prevent excessive smearing. Trans- 
lucency is achieved without loss of 
drafting quality, 


Supplemental features 

Blutex base stock is milled for Post 
by one of the world’s best-known 
makers of prestige papers; is proc- 
essed to rigidly controlled quality 
standards. Blutex Vellum is highly 
resistant to fracturing; its surface 
minimizes dirt pick-up and smudg- 
ing from in-file, out-file handling. 
Free sample 

For your personal, impartial analy- 
sis, we'll - glad to mail, without 
obligation, a 17” x 22” sample of 
Post Bilutex Vellum, 175H, when 
requested ~n a business letterhead. 


Bonus 6. sf 

First, fill in and return the appraisal 
form furnished with the Post Blutex 
sample. In appreciation, a handsome 
portfolio of four Civil War Centen- 
nial ordnance prints, on Post Blutex 
Vellum, suitable for framing, will be 
sent to you. Write Frederick Post 
Company, 3652 North Avondale 
Avenue, Chicago 18, Illinois. 


@ 
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Check and Double Check — 


This Helical Lead Measuring In- 
strument* checks and records with- 
in .0001” the helix angle on helical 
gears to assure that the position of 
the tooth bearing meets the print 
specifications. 

This machine utilizes the optical 
principle of machine setting (A) 


EA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 


GEAR-MAKERS TO LEADING MANUFACTURERS 
Circle 212 on Page 19 


to measure accurately any angular 
deviations observed visually (B) 
and permanently recorded (C). 
This is one of many details of 
gear manufacture and inspection 
that has won for DOUBLE 
DIAMOND gears their reputation 
as gears thoroughly qualified for top 





BETTER GEARS 


performance in any application for 
which you buy them. 

Our sales representatives are en- 
gineers and gear designers — ready 
to tackle a gear assignment at any 
stage of its development. When may 
one call on you? 

Just write or phone. 


*This model was introduced at the 1960 
Machine Tool Exposition in Chicago. 


AUTOMOTIV: GEAR DIVISION 
MANUFACTURING COMPANY 


RICHMOND, INDIANA 





Reader 
Information Service 


®@ Free catalogs, bulletins, literature 

@ Information about new parts, materials 
® Design data on advertised products 

@ Extra copies of editorial articles 
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HELPFUL LITERATURE 


Electrical, Electronic 


501 Multispeed Motors. 4 pp. Century Electric Co. 


503 Electronic Products. 4 pp. Electronic Tube Div., 
Burroughs Corp. 


504 Power Supplies. 15 pp. Valor Instruments Inc. 
505 Torque Motors. 48 pp. Ohio Electric Mfg. Co. 
506 Tubular Capacitors. 4 pp. General Electric Co. 


507 Control Meters. 12 pp. International Instru- 
ments Inc. 


508 Coaxial Switches, Relays. 28 pp. RF Products, 
Div., Amphenol-Borg Electronics Corp. 


512 Paper Capacitors. 6 pp. Aerovox Corp. 


516 Strain-Gage Wiring Terminals. 4 pp. Electronics 
. Instrumentation Div., Baldwin-Limoa-Hamilton 
orp. 


524 + aaa Transducers. 8 pp. Trans-Sonics 
ne. 

531 pe Accelerometers. 4 pp. Donner Scientific 
0. 


Paatee Housings. 32 pp. Par-Metal Products 

orp. 

537 Panel Meters. 4 pp. Helipot Div., Beckman In- 
struments Co. 


Multiple Lamp Indicators. 8 pp. Diaiiynt Corp. 


574 Precision Switches.* Includes data on over 
200 items. Catalog 104, 20 pp. Micro Switch 
Div., Minneapolis-Honeywell Regulator Co. 


575 Temperature Controls.* Contains ha ee of 
17 types of controls. Catalog MC-203, 8 pp. 
Fenwal Inc. 


576 Traction Motors.* Describes 65¢-in. diam units 
for low-voltage dc electric vehicles. Catalog 
GEA-7309, 4 pp. General Electric Co. 


577 Electrical Equipment.* Information on potenti- 
ometers, delay lines, panel meters, servomotors. 
8 pp. Helipot Div., Beckman Instruments Inc. 


578 Instrument Motors.* “Instrument Motor 
Quarterly,” on fractional, subfractional-horse- 
power units. 4 pp. Holtzer-Cabot Motor Div., 
National Pneumatic Co. Inc. 

Zener Diodes.* Covers theory, characteristics, 
applications of diodes. 4 pp. CBS Electronics. 


Wire-Wound Resistors.* Miniaturized line is de- 
scribed; includes manual of definitions. 6 pp. 
Ortho Precision Resistors Inc. 

AC Motors.* Duty-Master units, roted 1 to 
2000 hp, are covered. Bulletin B2515, 16 
pages. Reliance Electric & Engineering Co. 
Power Supplies.* Details over 200 dc units, 
plus combinations of modules in kit form. 24 
pp. Dressen-Barnes Electric Corp. 

Shunt-Grade Wire.* Describes Manganin, an al- 
loy of copper, manganese, nickel. 4 pp. Molecu 
Wire Corp. 

Heat Xadiators.* Covers transistor/diode units; 
also include handbook of data on thermal 
cooling. Catalog 1-HR, 16 pp. Industria! Div., 
Birtcher Corp. 


Hydraulic, Pneumatic 


515 Magnetic Oil Filters. 4 po. Sinclair Mcchine 
Products Inc. 


518 Ball Valve. 6 pp. Hydrcmatics Inc. 
519 Plastic Protectors. 4 pp. S. S. White !ndus- 


May 25, 1961 


Descriptions of items start on Page 176. 


trial Div., Plastics Dept. 

Elastomer-Fabric Diaphragms. 4 pp. Diaphrogm 
industries Inc. 

Silicone-Rubber Seals. 42 pp. Connecticut Hord 
Rubber “o. 

Flexible Hose Assemblies. 8 pp. Resistcflex 
Corp. 

Hydraulic, Pneumatic Equipment. 6 pp. Air- 
matic Valve Inc. 

Pneumatic Products. 70 pp. C. A. Norgren Co. 
Leather Packings. 4 pp. Auburn Mfg. Co. 
Adapter Fittings.* Pipe and straight-thread 
adapters for tubing-system connections. Cato- 
log 4360, 16 pp. Parker Fittings & Hose Div., 
Porker-Hannifin Corp. 

Hydraulic Pumps.* Data on Triplex pumps for 
heavy-duty hydraulic systems. Bulletin 261, 12 
pp. Kobe Inc. 
Air Cylinders.* 
cushion-type units. 
Sheffer Corp. 

Ball Valves.* In sizes from V% to 12 in. Cata- 
log 120C, 32 pp. Hills-McCanna Co. 

Nozzles, Accessories.* For use in metol-fin- 
ishing field. Bulletin 106, 8 pp. Spraying 
Systems Co. 

Control Valves.* Covers Sponseal contro! and 
line valves. Bulletin 5000, 8 pp. Ledeen Inc. 
Power-Cylinder Accessories.* Method of quick 
identification of mounting accessories. 2 pp. 
Honnifin Co. 


Covers Series A, 250-psi, 
Bulletin 161, 20 pp. 


Mechanical Equipment 


502 Tape, Film Drive Sprockets. 8 pp. LaVezzi Mo- 
chine Works. 


517 Flexible Couplings. 4 pp. Dept FC, Jones Mao- 
chinery Div., Hewitt-Robins Co. 

523 Spring Design. 8 pp. Associated Spring Corp. 

525 Takeup Units. 16 pp. Dept. PR. Link-Belt Co. 


592 Universal Joints.* For all industrial opplica- 
tions to 1750 rpm. Catalog 61-D, 8 pp. Love- 
joy Flexible Coupling Co. 

593 Spiral Bevel Gears.* Design and buying guide. 
6 pp. Perkins Machine & Gear Co. 

Ring Sprockets.* For chains with pitch from 
1.5 through 4.063 in. Bulletin 1606, 8 pp. 
Cogmatic Div., American-Marietta Co. 

Ball Data.* Old and new AFBMA standards; 
ball specifications; list of definitions. 20 pp. 
SKF Industries Inc. 

Flexible Motor Couplings.* Data on Type MC 
geared flexible units. Folder 2975, 6 pp. Link- 
Belt Co. 


Assembly Components 


510 Set Screws. 8 pp. Box 102, Standard Pressed 
Steel Co. 


511 Retaining Rings. 12 pp. Industrial Retaining 
Ring Co. 


514 Rivets. 4 pp. Judson L. Thomson Mfg. Co. 
597 Socket Screws.* Units with Nylok inserts ore 


Starred items are from May 11 issue. 


bad described. Catalog DM 783, 6 pp. Bristol 
oO. 


Threaded Fastener.* Hi-Lok fastening system ap- 
plied to navol shipyard construction work. 4 
pp. Hi-Shear Corp. 
Control-Knob Selection.* Slide rule and wall 
chart simplify selection of more than 345 
styles. Raytheon Co. 


Lock Nuts.* Clinch, weld, special, and semi- 
— types. Catalog 163, 20 pp. Grip Nut 
0. 


Precision Springs.* Basic design data on helical 
springs and spring-like devices. 16 pp. Associ- 
ated Spring Corp. 


Self-Locking Nuts.* For airframe, electronic, 
and propulsion industries. About 144 pp. Kay- 
lock Div., Kaynar Mfg. Co. 


Swage Nuts.* For installation in thin metals. 
Form 2701, 4 pp. Standard Pressed Stee! Co. 


Manufacturing Processes, Parts 


526 Electroplating Processes. 24 pp. Hanson-Van 
Winkle-Munning Co. 

604 Arc-Welding Products.* Electrodes, equipment, 
supplies; electrode classification and selection. 
Bulletin 7000.7, 40 pp. Lincoln Electric Co. 


605 Wire and Strip Construction.* Design data on 
construction of metal components or products 
$ wire, wire-strip. 24 pp. E. H. Titchener & 
0. 


Materials 


520 Basic Metals. 8 pp. Dept. RDT, National- 
Standard Co. 

522 Plastic Coating. 4 pp. Pfoudler Div., Pfaudler 
Permutit Inc. 

527 Expanded Metals. 34 pp. Designers Metals Div., 
Southern Electric Inc. 

52@ Zirconium Corrosion Resistance. 14 pp. Zir- 
conium Associction. 

533 Industrial Laminates. 16 pp. Laminated Prod- 
ucts Deot., Section 1S, General Electric Co 

538 Epoxy Insulation. 6 pp. Electrical Insulation 
Div., Hysol Corp. 

540 Industrial Coatings. 4 pp. Service Products 
Div., S. C. Johnson & Son Inc. 
Stainless Steel.* Uniloy 303MA, a free-mo- 
chining stainless, is fully covered. 12 pp. 
Universal Cyclops Steel Corp. 
Polyester Resins.* For spray-up application. 4 
pp. Plastics & Resins Div., American Cyanamid 
0. 


Fire-Resistant Materials.* industria! plastics 
which are self-extinguishing. 4 pp. Spaulding 
Fibre Co. 

Technical Ceramics.* Mechanical, electrica! 
properties of AlSiMag ceramics. Chart 611, 8 
pp. American Lava Corp. 

Steel Tubing.* Covers seamless ond electric- 
welded tubing in several grades. Catalog CS-61, 
8 pp. Ohio Seamiess Tube Div., Copperweld 
Steel Co. 


611 Preimpregnated Moterials.* Discusses quality, 
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advantages of preimpregnated reinforced plas- 
tics, laminating materials. 8 pp. Prepreg Div., 
Society of the Plastics Industry Inc. 


Silicone Uses.* Silicone products; weer guide 
for silicone rubber. Catalog CD$-129D, 8 pp. 
Silicone Products Dept., General Electric Co. 


Carbon-Graphite Materials.* Engineering guide 
to materials for mechonical applications. Bul- 
letin $-5425, 8 pp. National Carbon Co., Div., 
Union Carbide Corp. 


Silver-Brazing Alleys.* Procedures, problems, 
solutions in silver brazing. Form ADC-847C, 24 
pp. Air Reduction Soles Co., Div., Air 
duction Co. Inc. 


Aerespece Materials.* Structural materials for 


"NEW PARTS, MATERIALS: 


Electrical, Electronic 


545 Microminicture resister measures 1/16 x 1/16 
in. Reon Resistor Corp. 


546 Inertia switch for temperatures from —65 to 
+250 F. Inertia Switch Inc. 


547 Multiconducter cables ore numbered rather than 
corered for coding. American Super-Temperature 
ires inc. 


Photorelay system requires no wiring for use. 
Sigma instruments Inc. 


Feet switches for use with office and business 
machines. Vemaline Products Co. 


Metc! film resister has good high-frequency 
performance. Weston Instruments Div., Day- 
strom inc. 


Muttipole relays are availab'e in two, three, 
or four-pole, double-throw forms. Ward Leon- 
ord Electric Co. 


558 Ceramic capaciters for temperatures from —55 
to +150 C. Guiton Industries inc. 


559 DC solenvid has ambient temperature range 
of —65 to +165 F. Western Div., IMC 
Meognetics Corp. 

Glow lamps hove starting time of less than 
1 millisec. Signalite inc. 

Lue-ty resister is now available in 10-w 
size mite Mfg. Co. 

Meter generater is only 1.565 in. long. Helipot 
Div., Beckman Instrument inc. 


Trimmer capacitor has ¥%-in diam and oper- 
otes to 125 C. Electronics Div., Erie Resistor 
Corp. 


ENGINEERING EQUIPMENT 


aerospace applications. Booklet Ji 92509, 8 
pp. Westinghouse Electric Corp. 


616 Glass Preducts.* Products designed; properties 
of the material; applications. Booklet 760, 18 
pp. Kopp Gloss inc. 


Engineering Dept. Equipment 


509 Profile Recorder. 8 pp. Micrometrical Mfg. Co. 


513 Tables and Formulas. 32 pp. Control Equip- 
ment Sales, Industrial Products Div., Automatic 
Electronic Co. 


617 Pressure Transducer.* TP 200 transducer de- 
scribed in six different types. 4 pp. Fairchild 
Controls Corp. 
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Hydraulic, Pneumatic 


542 Relief valve is cartridge-type unit which han- 
dies flow to 40 gpm. Fivid Controls tac. 


550 Oil-level gages have 4, 6, and &-in. sight 
openings. Federal Brass Mfg. Co. 


553 ai hydraulic cylinders ore for service to 200 
i. Modernoir Corp. 


555 “ai meteors ore available in eight models 
with five fhp motors. 


563 Filter reservoir has a visibility. Wilker- 
son Corp. 


Mechanical Equipment 


544 Precision shaft adapters convert motor shafts 
to use of Y-in. bore gears or couplings. PIC 
Design Corp. 


552 Limit-step assemblies are 50-tura units which 
accommodate up to eight settings. United Con- 
trol Systems inc. 


556 Speed-reducer attachment for Radicon reducers 
with center distances of 4 to 8 in. Dept. MJ, 
Foote Bros. Gear & Machine Corp. 


Assembly Components 


541 Conical washer-nvt for mounting silicon recti- 
fiers. Shakeproof Div., Illinois Tool Works 


554 Pushbutton fastener requires single-hole mount- 


Descriptions start on Page 184. 


ing. Camioc Fastener Corp. 
566 Miniature magnetic ceunter for use in adverse 


— conditions. Abrams instrument 
orp. 


Materials 


543 Anedized foil in gages from 0.002 te 0.040 in. 
Girder Process Inc. 


564 Extruded sealers provide fp ante sealing eof 
uneven or tapered joints. esives, Coatings, 
& Sealers Div., Minnesota Mining & Mfg. Co. 


Engineering Dept. Equipment 


567 Terque traasducer for torque oe on tests 
of rotating devices. Lebow Associat 


568 Portable osciliegreph has record oo, of 0.25, 
1, 4, 16, and 64 ips. Electro-Mechonical In- 
— Div., Consolidated Electrodynamics 
orp. 


569 Strain gage operable to 400 F has transparent 
polyester base. Metrix Inc. 

570 Calibration tester for testing recording or in- 
dicating instruments. Howell Instruments inc. 

571 Micrefilm card reader hos glarefree screen 
made of plastic crystals. Eugene Dietzgen Co. 

572 Engraving instrument hos built-in, wide-angle 
lens. Unitech Corp. 


573 Logic-symbels template is based on MIL-STD- 
806A. Rapidesign Inc. 





EDITORIAL ARTICLES 


Single copies of the following articles are 
available as long as the supply lasts. 
Starred items are from previous issues. 
See Page 216 for other available reprints. 
Editorial content of Macuing Dessicn is 
indexed in the Applied Science & Tech- 
nology Index and the Engineering In- 
dex, both available in libraries. Micro- 
filma copies are available from University 
Microfilms, 313 N. First St., Ann Arbor, 
Mich. 


High-Density Electronics. Practical means of 
utilizing components in an over-all system. 


Measuring the Engineer. Newest methods of 
aptitude appraisal; a five-point procedure for 
doing the job efficiently. 
Fractienal-Horsepewer Meoters—Part 2. Guide 
to mechanical factors to be considered in 
specifying electric motors. 

Design Consideration for Small Housings. Me- 
chonical requirements of electrical housings; 


illustrations of typical examples. 


Seals fer Hard Vecuwms. Design concepts and 
study results on materials for hard-vacuum, 
reusable seals. 


Graphical interpolation eof Curves. Simple, 
accurate method for graphically interpolating 
or extrapolating curves. 


Preventing Fatigue Failures—Part 3. Pros and 
cons of using metallurgical treatments to 
guard against fatigue failure. 


Rectangular Pressure Vessels. Use of stiffen- 
ers to ovoid excessive material thickness in 
lorge, unsupported pressure-vesse! walls. 


Shock-Damping Celculations. Mounting-system 
response to step-velocity shock; simplifying 
calculations and adjusting damping charac- 
teristics to meet input-shock specifications. 


Shaft-Mounted Disc Clutches (Abstract). Types 
of clutches; main considerations in design 
and application. 


Using Outside R & D.* Pros and cons of 
hiring an outside agency to do research and 
development work. 


Laminated-Plastic and Vulcanized-Fiber Parts.° 
Principles of sound specification and design 
to gain maximum benefits from these 
materials. 


Push-Pull Centrols.* Available types, selection 
factors, and design practices. 


Hydraulic-System Temperatures.* Simplified 
rocedure to avoid trial-and-error calculations 
in predicting maximum temperatures. 


Neture!l Frequencies of Multiple-Mess - 
tems.* Computing natural frequencies; solu- 
tion for torsional frequencies of complex 
interconnected systems. 

Chemically Milled Structures.* Advantages 
and disadvantages of chemical milling; design 
of chemically milled parts. 

High-Reduction Hypeids.* Types and applico- 
om design of sets for ratios from 10:1 to 


Pressure Regulaters.* Basic principles and 
types; selection ond application. 

Elastic-Body Mechanics.* New principles in 
using elostic properties of materials to solve 
design problems. 

Designing Cam Prefiles.* Calculation of poly- 
nomial cam curves to fit mixed conditions of 
displacement, velocity, and acceleration. 
Helical Spring Design.* A direct design pro- 
cedure that eliminates trial and error. 
Internal-Combustion Emgines.* Factors in 
selecting engines up to 60 hp in size. 
Conical-Dise Springs.* Designing for specific 
characteristics in minimum space. 
Self-Sealing Couplings.* How to select air and 
hydraulic types for instant connection and 
disconnection without fluid loss. 
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HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


THE 
ONE-TRACK 
MIND 
OF 
TERMI-BLOK* 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


HIGH-DENSITY 
WITHOUT TOOLS! 


* Trademark 


TERMI-BLOK* is a brand new 
concept in terminal blocks. Its 
design has a single, fundamen- 
tal motive: to permit high-den- 
sity power and control circuiting 
and power distribution, with no 
tools needed for circuit ¢on- 
nection’ and changes. 


TERMI-BLOK functionally re- 
places all terminal and bafrier 
boards presently” in use in 
switchboards, panelboards ‘and 
power contrgl of ‘all kinds. 


TERMI-BLOK terminal blocks 
provide higher density per lineal 
inch -of aluminum track | for 
both power and control circuits 
than other terminal blocks. And 
TERMI-BLOK permits front-load- 
ing of circuit wires (instead ef 
space-wasting HMdfizontal Ibad- 
ing) for higher overall density. 


Unlike other terminal boards, 
TERMI-BLOK requires no tools 
for wiring insertions and with- 
drawals. Tab terminals, com- 
pression-crimped to your circuit 
wires by a, mated AMP hand 
Or automatic tool, can . be 
iaserted directly into 3-circuit 
common or 6-circuit common 
slotted modules, and can be 
extracted just as easily, without 
adjusting screws, bolts, etc. 
TERMI-BLOK will accept 10-22 
AWG wire sizes, will handle 
35 amps. : 


Write today to AMP INCORPO- 
RATED and receive complete 


‘specifications. 


AMP INCORPORATED 


GENERAL OFFICES: 


HARRISBURG, 


PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « Mexico « West Germany 
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Commodity Report on Engineers 





After declining for more than a year, demand for engineers quick- 
ened somewhat during March, as indicated by recruitment ad- 
vertising. Figures are from the Engineer/Scientist Demand Index 
compiled by Deutsch & Shea, who point out that the “modest 
gain” is not attributable to convention recruiting, although this 
activity usually hits a peak in March because of the IRE show. 
If the present trend continues, the index for May of this year will 
almost reach that of May, 1960. 


July-Dec 1960=100 











COLLEGE STUDENTS’ IMAGE of the engi- 
neer puts him ahead of the scientist in such 
categories as concern for people, sociability, 
popularity, and wealth. The scientist, however, 
is considered more intellectual, esthetic, perse- 
vering, self-sacrificing, and valuable to society. 
These opinions, reported in the March 31 issue 
of Science, are from 1200 undergraduates. They 
gave the engineer one other advantage: He is 
more likely to have a pretty wife. 


TECHNICAL-TALENT DATA on magnetic 
tape lets Space Technology Laboratories Inc. 
utilize its personnel resources to the best ad- 
vantage. STL’s skills inventory includes infor- 
mation on academic achievement, professional 
experience, patents, publications, foreign-lan- 
quage abilities, and professional society affilia- 
tions of 1700 engineers and scientists. Two IBM 
7090 computers, which are updated weekly, 
provide instant data on available skills. 


jucts/ processes. 


Heat-from-Friction Welder 


Friction welding of copper to brass, brass to aluminum, and aluminum 
to steel was demonstrated by American Machine & Foundry Co, during 
the recent American Welding ‘Society exposition. Welding is accom- 
plished by holding one piece (usually a bar or tube) and rotating 
another which is pressed against it. When friction at the point of con- 
tact melts the metal, rotation is stopped and pressure is increased and 
held until the temperature drops. Advantages listed by AMF include 
efficiency, low power requirements, less expensive machinery than other 
methods, and less deformation or damage to unwelded sections. 


Low-Viscosity Bath Upgrades Plating 


A new method of plating aluminum uses a dilute zincate solution which 
produces a dense, uniform film having excellent adhesion and, therefore, 
promoting excellent adhesion of subsequent electroplate. Alumon D, the 
new zincating bath, was developed by Enthone Inc., subsidiary of 
American Smelting and Refining Co, Used at a concentration of 1 Ib 
per gal instead of the conventional 4 to 5 lb per gal, it penetrates more 
readily into grooves, blind holes, and screw threads; reduces dragout; 
and minimizes carryover into plating baths. 


Tiniest Tubes: Four Equal Diameter of a Hair 

Tubing claimed to be the world’s smallest—0.000733 in. OD and 0.0001 
itz. [D—was exhibited at the Engineering, Marine, Welding & Nuclear 
Energy Exhibition in England. It was drawn of an austenitic stainless 
steel by Accles & Pollock Ltd. To obtain an accurate measurement, a 
cross section of the tubing was magnified 2050 times. 
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MICROMODULES enter Phase 

Two of their development with 

the selection of two manufac- 

turers to work out alternate 
methods for assembly. Goal is quantity produc- 
tion of the 1/3-in. square circuits, which are 
designed for miniature communications and 
data-processing systems. P. R. Mallory and 
Paktron were chosen by the Signal Corps and 
RCA, designer of the micromodule. 


SPENDING FOR RESEARCH AND DE- 
VELOPMENT—probably as much as $14 billion 
in 1961—reflects the importance which industry 
assigns to this activity. The National Science 
Foundation, commenting on results of a survey, 
points out that research spending continues to 
rise even when a recession forces industry to 
trim its budget for capital expenditures. NSF 
says that R&D dollars amount to less than 3 
per cent of the gross national product. 


Special Specs for High-Mach Glass 


Naive design of windshield panels for high-speed air and space craft 
could be catastrophic, according to Arthur F. Shoemaker, windshield 
development co-ordinator for the Aircraft and Missiles Group, Corning 
Glass Works. Some basic conditions that would cause trouble are: 
A panel whose dimensions make it subject to failure, too much heat on 
the outer surf-ce of the glass, and incorrect mounting. Mr. Shoemaker 
says the glass supplier must be consulted during early stages of design. 


PREVENTION OF RUST on automobiles and 
other metal products is suggested by a syn- 
thetic latex developed by Goodyear’s chemical 
division for use as an air-dry metal primer. It 
shows excellent resistance to water and salt spray 
in tests; is applicable by brush, dip, or spray 
methods; and can be top-coated with air-dry or 
baked enamel finishes. 


OVER 350,000-PSI TENSILE STRENGTH, 
without loss of ductility or impact strength, is 
possible in a new tool steel announced by the 
Carpenter Steel Co. for applications involving 
extreme shock. The alloy, Hi Shock 60, is rec- 
ommended for critically stressed components 
which also require maximum strength with the 
least sacrifice of toughness. 


R-f Rocket Propulsion 


Use of ultra-high radio frequencies to accelerate charged particles is the 
basis of a space propulsion method proposed by RCA Laboratories. The 
plasma propellant (mixture of ions and electrons) is generated by elec- 
trical discharges from a pool of mercury and released into a chamber. 
R-f power, applied to the chamber, produces an electrical field strongest 
near the plasma source; particles are accelerated from the stronger 
toward the weaker field, creating thrust. Experiments at frequencies 
of 140 and 330 megacycles have raised the speed of ions in the plasma 
to 40,000 mph (within a distance of 2 in.). 


Destructive Force Goes Straight 


Harnessing detonation waves that usually destroy a rocket engine, 
Gary L. Cosens has designed a compact and powerful “rotating detona- 
tion engine.” Forcing the waves to travel in a circular slot, it permits 
fuel mixtures to burn faster and at higher temperatures than in standard 
rocket engines. Theoretically, a 6-ft diameter engine of this type could 
produce a thrust of 1! million lb. Mr. Cosens, a doctoral student in 
aeronautical engineering at the University of Michigan, thinks it “re- 
markable” that no one else in the U. S. seems to have tried to utilize 
detonation waves to produce thrust. 





“ : HERE are many proposed solu- 
i igh-Density Electronics: bon to the electronic-packag- 
ing problem, including welded as- 

semblies, deposited components, and 

various solid-state techniques. While 

all have certain advantages, a sort of 

Sometime Numbers Game ? numbers game is being played with the 
component-packing densities quoted for 

each approach. For example, one cir- 

cuit obviously doesn’t make a com- 

puter, and extrapolations of component 

densities to computer size are quite mis- 

Impressive figures promising high compo- leading. Most circuit densities do not 

nent density are not too significant unless include the necessary hardware, con- 

they are accompanied by practical means nectors, and interconnectors that are 


of utilizing the components in an over-all required to fabricate a working elec- 
system... tronic installation. 


Using today’s hardware (and keep- 


Macro-Module concept, conceived by Burroughs 
Corp., provides an effective means of electronic 
miniaturization. Essentially a packaging tech- 
nique, it has built-in tolerance for further evolu- 
tion and miniaturization of electronic circuits and 
components. 


Mock-up of Macro-Module 
computer illustrates Bur- 
roughs systems approach: 
Circuits are built in two di- 
mensions, the system in the 
third. Each functional sub- 
section (Macro Module) is 
a plug-in unit, easily re- 
moved for servicing. 


Interconnections between modules are made at the back 
(right). Intraconnection within is accomplished by multilayer 
printed circuitry. This technique can be applied to present 
conventional components or to almost any foreseeable mini- 
aturized circuitry. 


Circle 11-1 on Page 19 for extra copy. MacuHInE Desicn 





ing cost in mind), designers recognize 
two chief ways of packaging electronic 
components — standing up or lying 
down. Further limits are imposed by GLENN HEIDLER 
available connectors, conventions in Burroughs Corp. 
wiring, and conventions in circuit fab- Research Center 
rication. In short, there is a state-of- Paoli, Pa. 
the-art (pictures, page 26). 
The Logi-Mod concept (page 26) 
leads directly to the major limitation in 
electronic packaging today — conncec- 
tions. As the size of the circuit shrinks, 
the requirement for interconnections 
remains the same, and there is an ob- 
vious limit on the number of wires that 
can be crammed into a given area. Also, 
available connectors are not entirely 
compatible with extreme high-density 


Chips (individual circuiits) 
are also plug-in units. 
Specimen above, made up 
of conventional compo- 
nents, is 0.3 in. thick. By 
using miniaturized compo- 
nents, Burroughs has re- 
duced thickness of the chip 
assembly to 0.1 in. for a 
better than 2/3 reduction 
in volume of the entire 
system. 


Heat exchanger has been made an integral part of each Macro- 
Module. Entire module unfolds for servicing of the exchanger or 
for maintenance of individual! circuits, called chips. 
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High-Density Electronics 


packaging. Natural reluctance on the 
part of connector manufacturers to pro- 
duce extremely specialized hardware 
has led to in-house developments 
(page 29). 

Actually, the question is not merely 
“how to build smaller circuits,” 
but “how to build smaller electronic 
systems.” The packaging techniques 
available now, and in the foreseeable 
future, can be categorized according 
to classes of components. In all cases, 
the transistor is the limiting size factor 


(Please turn to Page 29) 


oe 


Present state of the art is the 
use of printed-circuit cards 
and hand-wired back planes. 
These are well known, easily 
worked with, and cost is 
favorable. 


High-density card fabrication, 
using conventional compo- 
nents, involves circuit and 
packaging techniques that 
are still fairly conventional 
and quite easily applied. 
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Welded, encapsulated circuit 
(above), called Logi-Mod by Bur- 
roughs, represents a practical limit 
in packing density based on today’s 
components and technology. Dou- 
ble - sided printed - circuit boards 
(right) are used for intraconnection 
within the module; power is sup- 
plied via buss wires extending 
through the top of the module. 
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When selecting roller bearing pillow blocks, remember 


it's what’s inside 
counts! 


ORE AND INSIDE LINK-BELT ROLLER BEAR- able in adapter mounting and direct- 
MAXIMUM SIZE AND NUMBER | ING BLOCKS you'll find Link-Belt’s shaft mounting types for shafts from 
OF ROLLERS for highest new spherical roller bearings . . 1%6” to 12”. Choice of two effective 
capacity with big, mirror-smooth, highest seals: all-purpose steel, multi-laby- 
capacity rollers; centrifugally cast, rinth seals, or Dacron-contact seals. 
precision machined bronze retainers; For full details, _ 
heavy, broad-shouldered inner rings. call your nearest | UN BY 
All the best features of modern bear- Link-Belt office. 
ing design compactly unitized for Look under BEAR- 
utmost economy and long service INGS in the yellow 
life. pages of your tele- 
Link-Belt spherical roller bearing phone directory. Ask 


CENTRIFUGALLY CAST, 2 ; -aligni sail- 
PRECISION MACHINED | pillow blocks are self-aligning. Avail- for Book 2760. 


BRONZE RETAINERS 
for smooth, quiet operation 





HIGH, HEAVY INNER RING 
FLANGES for ease of 
installation and removal 


SERIES 6800, 6900, 7800, 7900 have 
exceptionally rugged, two piece hous- 
ings—machined as two perfectly 
matched parts providing easy instal- 
lation. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Serve Industry There Are Link-Belt Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney) Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs. Representatives 

Throughout the World. 15,414-A 
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AUXILIARY POWER FOR 
MINUTEMAN’S THREE STAGES 


The U.S. Air Force’s Minuteman, first of the solid propellant 
powered ICBM’s, introduces numerous design and operational 
features unavailable in its first generation counterparts. End result 
is a smaller, lighter, less complex and lower cost missile. 


COMPACT DESIGN—Typical of these advances is the highly 
integrated APU design developed for all three missile stages by 
Vickers under contract to Autonetics, a division of North Ameri- 
can Aviation, Inc. A significant saving in package weight and 
envelope is provided by immersing the hydraulic pump com- 
pletely within its self pressurizing reservoir. 

APPLICATION FLEXIBILITY—An important design feature is 
the ability of the hydraulic pump to be coupled with a wide variety 
of drives including continuous duty electric motor, ram air turbine, 
hydraulic motor. flywheel, or be mounted directly on an engine 
drive pad. For the Minuteman application, an intermittent duty 
d-c motor is used. 


UNUSUAL STORAGE LIFE—A fundamental design goal of the 
Vickers Minuteman APU was to match the unusual storage life 
of the missile. This has been accomplished to provide long service- 
free standby in the missile, coupled with convenient ground 
check-out. 

HIGH RELIABILITY —The schematic diagram below shows the 
absence of external tubing and the requirement for only one 
external dynamic seal. These factors along with a proven pumping 
element and relative low operating speeds have led to a highly 
reliable system. 

This solution is typical of the Vickers “Programmed Power” 
approach to energy conversion, power transmission and fluid 
transfer. Get more details on this application by writing for 
Bulletin A-5249. 
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QUICK DISCONNECT 
BATTERIES 


BELLOWS 


ELECTRIC MOTOR RESERVOIR 


QUICK DISCONNECT —» 


FILTER PRESS. TRANSDUCER 


MANIFOLD PRESS. ° WITCH 


HIGH PRESSURE 


LOW PRESSURE 
OUTLET eae 


AERO HYDRAULICS DIVISION 


RS INCORPORATED 
ivisi f 
DETROIT 32, MICHIGAN ree 


SPERRY RAND 
TORRANCE, CALIFORNIA CORPORATION 








PROGRAMMED POWER IN: FLUID TRANSFER e 
POWER TRANSMISSION * ENERGY CONVERSION 
Circle 215 on Page 19 





High-Density Electronics 
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(Continued from Page 26) Side-entry connector, for use with Logi Mod, would 
that determines packaging densities replace the conventional plug-in connector if num- 
(table, below). ber of input and output leads became excessive. 
Pads for these connectors are located on opposite 


Solid-circuit, monolithic, and molecu- 
edges of the Logi-Mod circuit boards. 


lar-electronic concepts provide extra- 
ordinary size and weight savings, but 
concepts for integrating components or 
subassemblies into systems are appar- 
ently not yet formulated well enough 
to take advantage of the potential sav- 
ings. And their small size is not an 
advantage when the number of intra- 
connections between functional ele- 
ments is considered. 

In any case, the gains of miniaturiza- 
tion are not, at the present, economic 
in nature, For example, it costs ap- 
proximately the same amount of money 
to build any two comparable computers 
for any given packaging method. The 
real objectives of miniaturization are 
savings in weight and volume and the 
ability to provide greater functional 
capability in the same weight and vol- , 
ume, while maintaining or increasing 
reliability. Skewed Spring Connector, de- 
veloped by Burroughs Corp., 
is approximately 0.040 in. in 
diameter, 0.075 in. long. It is 
easily contained within a 3/32 
in. substrate and, because of 
its small size, is effective in 
many miniaturization applica- 

Transistor Inductors Resistors Diodes Capacitors tions. 
State of the art TO-5 Conven- lw, 1/2w Glass Tubular 
TO-9 tional Mica & 
Ceramic 
Coming of Age TO-18 Conven- Small 
Sub- tional 1/2w, ceramics 
min. style 1/4w Glass 
Custom 
eee an See ecS: a 1/10w 
Future Micro Custom 1/10w Sub- Uncased 
size* and de- minia- Submini- 
posited ture ature 
Ceramics EDITORS’ NOTE: For other ap- 
& de- preaches to the problem of high- 
ee. deasity electronic packaging see 
“Plug-in Packaging for Throw-away 
Electronics,” MD, Mar. 2, 1961, pp. 
26-28. Also “Spotwelded Electron- 
ics,” MD, July 21, 1960, pp. 26-28. 


Packaging density is determined primarily by transistor size. Com- 
ponents categorized as ‘‘future’’ (below) will lead to desk drawer- 
size computers. Their practical application is 5 to 10 years away. 


*Texas Instruments; Pacific Semiconductor; Philco. 
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HOWEYWELL 


‘Plug-in Limit’’ switches save 
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costly downtime 


with fast, 20-second replacement 






































LOOSEN TWO SCREWS PULL OUT SWITCH 


MICRO SWITCH oiltight “Plug-in Limit" 
switches save hundreds of dollars in replace- 
ment time with their easy 20-second replace- 
ment. Four sturdy spring plugs fit receptacles 
in the terminal block quickly and securely! 


The “Plug-in Limit” switch line is built to 
handle the toughest of jobs. It has oiltight 
seals, rugged actuators and long-life snap- 
action switching elements. 





Notice the sturdy easy-to-match plugs 
and receptacles. Wiring is easy and 
fast. Ample wiring space. No. 8 ter- 
minal screws. Terminal block, shown 
at left, having no moving parts, is 
permanently installed on machine. 
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PLUG IN REPLACEMENT TIGHTEN SCREWS 


Actuator heads are adjustable to different 
positions. Mounting blocks may be mounted 
from side or back. Nine standard and many 
special actuator designs are available. 





Contact arrangement of the “Plug-in Limit” 
switch shown is single-pole double-throw 
double-break as in the diagram at right. 


See the Yellow Pages for the MICRO SWITCH 
distributor or write for Catalog 84. 








MICRO SWITCH . . . FREEPORT, ILLINOIS . . . A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


Honeywell 


a =6MICRO SWITCH Precision Switches 


HONEYWELL INTERNATIONAL 

Sales and service offices in all principal cities of the 
world. Manufacturing in United States, United King- 
dom, Canada, Netherlands, Germany, France, Japan. 
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New Approach to Fluid Forming: 


Female Die 
Sets the Shape 


Linkopinc, SwepEN—Many sheet- 
meta! parts that have had to be fab- 
ricated’ in sections can now be 
pressed from one piece. A new 
technique, developed by Svenska 
Aeroplan Aktiebolaget (SAAB), 
makes practical the forming of both 
low-production (and even experi- 
mental, one-of-a-kind) shapes and 
those that are too irregular for 
other pressing operations. 

A fluid-forming process, the 
SAAB development uses a female die 
and a rubber diaphragm. Mounted 
on the end of an oil-filled cylinder 
(a piston builds up pressure), the 
diaphragm covers the entire die 
opening, then changes shape to con- 
form to cavities. Shallow sections, 
formed first, act as blank holders 
when deep contours are shaped. Be- 
cause parts formed cling to the 
ridges and can not be removed from 
a solid die, the die is made in two 
pieces. 

Advantages claimed for the new 
stamping process, in addition to 
those already mentioned, include: 
1. The sheet can not buckle or wrin- 
kle. 2. Thickness of the shaped 
metal is very uniform. 3. One 
pressing operation is all that is 
usually needed, even for complex 
parts. 4. Tools will fit almost any 
standard press. 


New Alloys May Simplify 


Murray Hir1, N. J.—Electromag- 
nets that can bottle up electric cur- 
rents and produce strong and last- 
ing magnetic fields are now one step 
closer to development. Cryogenic 
researchers at Bell Telephone Lab- 
oratories have discovered a ductile 
alloy of niobium and zirconium that 
remains superconducting even when 
exposed to a magnetic-field strength 
of 80 kilogauss. And unlike the 
brittle metallic compound previously 
reported by BTL (MD, February 
16, 1961, p. 12), the new material 
can be easily worked, simplifying 


Cryogenic-Magnet Design 


problems of coil design. 
Low-temperature experiments on 
the niobium-zirconium alloy show 
the material will carry up to 10,000 
amp per sq cm in an 80 kilogauss 
field. Otner ductile alloys, notably 
niobium-titanium and vanadium-ti- 
tanium combinations, also appear 
promising. In addition, a number 
of molybdenum-technetium alloys, 
also very ductile, become supercon- 
ductors at higher temperatures 
(almost 16 K) than other alloys. 
Technetium is a man-made element. 
While all of these materials are 


Complex part (above) 
needed only one 
pressing. And _ pro- 
duction runs don't 
have to be high— 
even_ experimental 
shapes can be eco- 
nomically produced. 
Equipment (left) can 
be adapted to al- 
most any standard 
press. Die - setting 
time is almost elimi- 
nated because of the 
simplicity of the 
tools. 


more workable than the brittle, 
three-part niobium/one-part _ tin 
compound first considered for cryo- 
genic coils, niobium-tin is still the 
most promising material for magnets 
having field strengths above 100 
kilogauss. Recent experiments and 
extrapolation of data show that the 
compound will remain superconduct- 
ing at 4 K in fields of 200 kilogauss 
and possibly higher. At 88 kilogauss, 
it will conduct currents of 150,000 
amp per sq cm. Not an alloy, the 
niobium-tin material has the highest 
transition temperature known, 
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Aluminum 


Is this tomorrow’s marina? The boat company that commissioned this Olin 
design thinks it’s very likely. After all, new design and engineering concepts 
and new fabricating techniques make aluminum near limitless in application. 
Aluminum’s inherent qualities, resistance to corrosion, lightness, natural 
attractiveness and strength make it a “dream medium” for designers; this 
marina is an excellent example. It’s an on-the-spot depot for fuel, food, marine 
supplies — and travels from place to place under its own power. And designers 
who work in new concepts of aluminum have the resources of Olin Aluminum 
at their disposal. Our technical research and product development staff live 
in the world of new alloys, intricate design, fabrication, and cost and produc- 
tion statistics. They “think aluminum.” All you have to do is think “Olin.”R° 


Olin 
ALUMINUM 


460 PARK AVE NEW YORK 22, NEW YORK 





Cold-jet model 7200 helicopter, built by Fiat, Turin, Italy, is powered 
by a Fiat 4700 turbo-generator. A hot-gas generator (which provides 
542-hp takeoff power) operates the turbine-driven compressor, supplying 
7.7 Ib per sec of air to the blade tips. A small tail rotor is mechanically 
connected to the main rotor. The helicopter carries 1598 Ib or seven 
passengers, has a range of 186 miles, and cruises at 90 mph. 


ENGINEERING NEWS 


PICTURE REPORT 


Aluminum and vinyl laminate resists 
charring and debossing, as well as cor- 
rosion, abrasion, and staining. A creation 
of Aluminum Co. of America, Vynalate 
is offered in 39 design-color combinations, 
in widths to 48 in. It can be embossed 
and printed with as many as five colors, 
and linear patterns are available. Metal 
thickness ranges from 0.015 to 0.051 in.; 
coating thickness, from 0.008 to 0.014 in. 
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Air supply for an astronaut’s use outside 
of space capsules will be supplied by a 
device such as this “individual atmos- 
phere control unit,” according to MSA 
Research Corp., a subsidiary of Mine 
Safety Appliances Co., Pittsburgh. De- 
veloped for the Navy, MSR’s Chemacon 


Facile phoning will be introduced by the Bell Telephone 
System with two new pieces of equipmeni for automatic 
dialing of prerecorded numbers. The card dialer (top) 
operates from coded plastic cards on which the user 
has punched out numbers. A call is placed by insert- 


ing a card into the dialer, lifting the receiver, and 
pushing the dial bar. It stores 40 cards; additional ones 
can be filed separately. The Rapidialer, not built into 


Backpack will furnish oxygen for a sus- 
tained period of two hours. An integral 
part of the pressure suit, it circulates 
air with a battery-powered blower. In one 
pass through a canister containing super- 
oxides, oxygen is added to the air, and 
impurities and excess water are removed. 
Heat exchangers regulate temperature. 


the set like the card dialer, keeps 290 names and num- 
bers on magnetic tape. The name is written on, and 
the number is recorded by dialing. Changing a num- 
ber is done by dialing the new one, thus erasing the 
old number. Both units handle numbers having up to 
14 digits. Estimated monthly charges will be $3 to $4 
for the card dialer, $13 to $15 for the Rapidial. 


Heat from a kerosine flame (or two 

candles) operates the Aztec thermo- 

electric generator, an emergency 

power source developed by Minne- 

sota Mining & Mfg. Co. for transis- 

tor radios. Generator and fuel sup- 

ply can be stored indefinitely and 

still provide full power in less than © y 

a minute after the wick has been ‘ f Square fluorescent lamp introduced by 
lighted. Six hermetically sealed 77 Y eee = General Electric Co. is 11% in. on a 
thermocouples provide low-voltage, i Cader a’ side and 114 in. deep. Its waffle-pattern 


high-current power. The generator 
develops approximately 0.75 v and 
delivers 4 w; a built-in converter 
changes the output to the 3 to 9 v 
required by most battery-operated 
transistor radios. 


May 25, 1961 


face plate diffuses light from a 5-ft long 
arc. Two types emit light in equal 
amounts from front and back or mostly 
from the front, by means of a reflective 
coating on the back. They are rated at 
50 and 80 watts. 
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Saturn Gantry 


APTLY described as America’s “space port 

of the sixties,” the nearly completed 
Saturn launck complex at Cape Canaveral 
will be the p.int of departure for a com- 
ing generation of heavy space vehicles. 
Launchings, scheduled to begin late this 
year, will include a three-man space ship 
(Apollo) which Saturn will handle with 
relative ease. The big eight-engine booster 
will deliver 1.5 million lb thrust; upper 
staging will contribute an additional 905,000 
lb. 

By far the most striking feature of the 
massive launch complex is its 310-foot mo- 
bile service tower. Complete with bridge 
crane—two hooks, 40 and 60-ton capacity— 
the tower provides a means of erecting the 
500-ton rocket on the launch pedestal in 
stages, 

After servicing the rocket, the tower will 
move a distance of 635 ft to an off-site area 
where it will be anchored down during blast- 
off. Tie-down anchorages are designed to 
prevent the 28-story structure from overturn- 
ing in hurricane-force (125 mph) winds. 
During movement, the tower is supported on 
four twelve-wheel carriages, each consisting 
of three rigid four-wheel truck assemblies 
with 36-in. diameter flanged steel wheels. 
The carriages run on two paralled sets of 

(Please turn to Page 43) 





Towering 310 ft (or 28 stories) over Cape Canaveral, 
the Saturn gantry is the tallest mobile structure in the 
world. It weighs 2800 tons. 


36 Circle 218 on Page 19—> 
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TEAR OUT AND FILE 


Are you specifying 
LAMINATED PLASTICS 
or VULCANIZED FIBRE. 


AS RAW MATERIALS OR FABRICATED PARTS? : 


\ 


A 


\ 
\ 
‘ 

" 


hal -. « 


x 


* 
A) 
A 
. 
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Then TAYLOR FIBRE CO. 


BELONGS IN YOUR SPECIFICATIONS 


Taylor has the experience . . . was organized in 1891, 
pioneered in the development of vulcanized fibre, a 
nonresinous laminate, is a production leader. It is 
also one of the major manufacturers of resinous 
iaminated plastics, offering more than 50 grades to 
meet almost any requirement. 


Taylor has the facilities. Its Norristown, Pa., plant, 
comprising some 300,000 sq. ft., produces both 
vulcanized fibre and laminated plas’ :s .. . is one of 
the most completely integrated in the industry .. . 
even makes its own paper and a large percentage of 
its own resins. The La Verne, Calif., plant, with over 
45,000 sq. ft. of floor space, specializes in the manu- 
facture of laminated plastics for West Coast users. 


Taylor maintains a separate laboratory devoted ex- 
clusively to basic research in vulcanized fibre and 
laminated plastics, including special research in the 
application of these materials in aircraft, missile, 
nuclear energy and other fields opened up by the 
new technologies. 


LAMINATED PLASTICS 


TEAR OUT AND FILE 





Taylor has the products . . . offers more than 50 
grades of standard laminated piastics, a group of 
Tayloron® materials, pre-impxegnated materials, 
molding compounds, vulcanized fibre, filament 
windings and a number of -composite materials, 
including various combinations of vulcanized fibre, 
laminates, metals and rubbers. 


Taylor has the service organization . . . maintains 
13 fully staffed sales offices in major areas through- 
out the country . . . employs a group of application 
engineers and technicians to assist customers’ engi- 
neering personnel if desired. 


In production of basic materials it has pioneered many 
developments in plastics technology and uses the 
most modern equipment. In fabrication it has the 
experience, manpower and equipment to produce 
parts to specifications in any required quantity and 
on schedule, no matter how complex the part. These 
include filament windings, moldings, and sophis- 
ticated assemblies and combinations of materials. 


aylor 


VULCANIZED FIBRE 








SEND FOR 
A COMPLETE 


TAYLOR 
SELECTION 
GUIDE 


. use it to make tentative 
selections of the laminated 
plastics that most nearly fit 
your requirements. Then con- 
sult us on the design and appli- 
cation of laminated plastics and 
parts fabricated from them be- 
fore making a final decision. 


TAYLOR FIBRE CO. 
Norristown, Pa. 
West Coast plant + La Verne, Caiif. 


SOILSW1d GILVNINWT YOTAVL 





(] Please send me a copy of your laminated 
plastics selection guide. 


() Please send me technical data sheet 2-0 on 
vulcanized fibre. 


1 am considering laminated plastics or vul- 
canized fibre for 
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FIRST CLASS 
Permit No. 169 





Norristown, Pa. 



















BUSINESS REPLY MAIL 


No postage necessary if mailed in the United States 








Postage will be paid by— 


TAYLOR FIBRE CO. 


Norristown 47, Pa. 


TAYLOR LAMINATED PLASTICS - 


























NEMA Military 
Grade Grade Specification Descriptior 
MECHANICAL GRADES 
phenolic resin, 
x x none paper base 
phenolic resin, 
xP xP none paper base 
MIL-P-15035B phenolic resin, 
c c TYPE FBM cotton fabric bas 
phenolic resin, 
C-7 CF MIL-P-8655A cotton fabric bas 
MIL-P-15035B phenolic resin, fi 
L L TYPE FBI cotton fabric bas 
phenolic resin, a 
ae AA MIL-P-8059A fabric base 





ELECTRICAL GRADES 



























































MIL-P-3115B phenolic resin, 
XX XX TYPE PBG paper base 
phenolic resin, 
XXP XXP none paper base 
MIL-P-3115B phenol... resin, 
XXX XXX TYPE PBE paper base 
MIL-P-3115B phenolic resin, 
XXXP XXXP TYPE PBE-P paper base 
MIL-P-3115B phenolic resin, 
XXXP-242 XXXP TYPE PBE-P paper base 
MIL-P-15035B phenolic resin, fi 
LE LE TYPE FBE cotton fakric bas 
MIL-P-15047B phenolic cock, 
NS N-1 TYPE NPG nylon fabric bas: 
GENERAL PURPOSE GRADES 
MIL-P-15035B phenolic resin, 
CE CE TYPE FBG cotton fabric bas 
phenolic resin, 
a A none asbestos paper b 
phenolic resin, g 
G-3 G-3 none fabric 
MIL-P-15037B melamine resin, 
G-5 G-5 TYPE GMG fabric 
MIL-P-997B silicone resin, gli 
GSC G-7 TYPE GSG fabric \ 
MIL-P-18177 epoxy resin, 
GEC-500 G-10 TYPE GEE glass fabric 
MIL-P-18177B epoxy resin, 
GEC-111 G-11 TYPE GEB glass fabric 
MIL-P-22324 epoxy resin, 
xyY-1 FR-3 (Ships) paper base 
TYPE PEE 





CODE: 


F, Fair G, Good €E, Excellent 
Comparative prices/Ib. are based on the price of 
Grade XP as 1.0 « To be used as a guide only. 


THIS LAMINATED PLASTICS 












































































































































Physical 
3 is 
z a Water 
2 2 = ms Absorp- 
Sheets tH $1 <8 8 tion 
Tubing | Rod ;< | @< 3 24 brs. 

Approx. Thickness | 1. D. Diam. 28 € FY immer- 

Sizes Range Max. Max. g 3 ES | sion Specific 
ription Color (in.) (in.) - (in.) in.) & ce) zo Sa | % mox.| Gravity 
sin, black, 

, natural, 49 x 49 .015 -2 30 2 - YES F 5.0 1.38 
chocolate 
sin, natural, 
} black, 49 x 49 015 -% = a YES _ F 3.0 1.32 
chocolate 
sin, black, 
ic base natural 49x 49 010-11 30 4 = _ FE 4.0 1.35 
sin, black, 
ic base natural 49 x 49 Yaa a - = o F 3.5 1.34 
sin, fine weave! black, 
ic base natural 49 x 49 .010 -2 30 4 - G 2.2 1.35 
sin, asbestos 
; natural 49 x 49 Vo -2 o — — F 2,8 1.65 
sin, black, 
natural 49 x 49 .O15 -2 30 2 - YES E 1.8 1.36 
sin, black, 
natural 49x 49 015 -% — _— _ YES G 1.5 1.32 
sin, black, 
) natura! 49 x 49 O15 -2 ™™% 2 _ YES E 1.2 1.36 
sin, 
} natural 49x 49 .020 -% — _ YES Yes E 0.8 1.32 
sin, 
} natural 49x 49 020 -% —_ _ Yes — F 0.5 1.32 
sin, fine weave black, 
ic base natural 49x 49 .010 -2 30 4 _ _ G 1.8 1.35 
sin, 
ic base natural 49x 49 015 -6 30 2 _ oo - 0.5 1.15 
sin, black, 
ic base natural 49x 49 .010 -2 30 4 _ _ G 2.0 1.35 
sin, 
aper base natural 49x 49 .025 -2 30 one —_ _ F 1.4 1.60 
sin, glass 
natural 49x 49 O15 -2 30 4 _ _ G 2.5 1.70 
resin, glass 
natural 49x 49 015 -2 30 4 com ° G 2.5 1.92 
sin, glass 
white 24x 52 .010 -1% 30 _ -_ ? E 0.4 1.88 
n, 
c natural 37 x 49 .010-1 30 1 YES _ G 0.2 1.80 
n, 
natural 37 x 49 010 -1 ~ - YES ? E 0.2 1.8 
n, pale 
yellow 37 x 49 Va -Ya — -_ YES ¥ G 0.4 1.8 
nanstiiensthaiainiaal 
*These grades are already flame retardant. 


{5 


for technical data, write Ta 
Physical Properties 
TOnly 50% minimum fi 
T 2-0 FOR TECHNICAL DATA ON VULCANIZED 


minimum physical, mecha 
of a rating or property val 
property or that the value i 


Qualitative rating of charac 
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des are already flame retardant. 





be / 


IDE SHOULD BE IN YOUR FILE 


varacteristics of various grades of Taylor laminated plastics, with maximum/ 
echanical and electrical property values for sheets 1/16 in. thick. No listing 
'y value indicates either that other laminate grades are preferred for that 
alue is not significant. Other grades are available for specific applications— 
ite Taylor Fibre Co., Norristown, Pa. 





































































































cal Properties Electrical Properties 
Dielectric 
Tensile Strength Pitter often ; Are 
Strength parallel to ” — Resist- 
(psi min.) laminations Insulation ance 
(k.v. min.) 10¢ Resistance | (sec.- 
60 10¢ cycles (megohms) | min.) 
length- cross- cond. cond. cycles cycles cond. cond. cond. 
wise wise a D-48/50 |} cond. A| cond. A D-24/23| C-96/35/ 90} A 
‘| c G G Gs * G G 
0 21,000 17,000 50.0 5.0 0.200 0.045 0.050 - 10 
F } i * F 4 F G 
] 15,000 11,000 60.0 15.0 0.100 0.050 0.070 200 10 
; § F G 
0 12,000 9,000 20.0 2.5 - = a _ 10 
F Fe G 
D 9,500 9,000 20.0 2.5 - oo _ = 10 
rs E c G 
D 15,000 12,000 20.0 2.5 0.250 0.055 0.070 oo 10 
G 
D 11,000 2,000 10.0 2.5 — _ _ - 10 
: : SG 
D 17,000 14,000 60.0 10.0 0.100 0.050 0.060 _ 10 
7 G 
) 13,000 10,000 60.0 20.0 0.070 0.040 0.045 1,000 10 
] 16,000 13,000 60.0 25.0 6.100 0.035 0.045 1,000 10 
) 12,800 9,800 60.0 30.0 0.05 0.033 0.034 2,000 10 
) 12,400 9,500 65.0 45.0 0.040 0.030 0.032 400,000 10 
) 13,500 10,000 45.0 10.0 0.250 0.050 0.065 _ 10 
) 9,000 8,500 65.0 45.0 - 0.034 0.035 350,000 10 
) 11,000 8,000 35.0 5.0 - 0.100 _ _ 10 
) 10,500 8,500 10.0 2.5 _ _ _ = 10 
) 24,000 22,000 20.0 5.0 _ 0.030 0.070 200 10 
) 40,000 34,000 30.0 10.0 _ 0.018 0.070 200 180 
) 23,000 19,000 40.0 20.0 0.004 0.003 0.020 500,000 180 
) 45,000 40,000 45.0 35.0 0.018 0.020 0.030 350,000 = 
) 45,000 40,000 45.0 35.0 0.006 0.020 0.030 350,000 = 
) 20,000 15,000 80.0 30.0 0.02 0.026 0.030 150,000 _ 
































um flexural strength retention is required at 300°F. (% in. sheet) per MIL-P-18177B, Type GEB 
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Chemical 
Resistance 


Comparative 
Price per Pound 


AIEE Insulation 


Class 


Excellent mec 
trical properti 


Punching grac 
up to Ys inch 


For mechanice 
strength. 
Post-forming 
to take place 
Fine cotton w 
machinability 


General purpc 
resistance, ele 


Better than XX 
suitable for ho 


Low moisture 
electrical grad 


Better electrice 
hot punching. 


Excellent insul 
ti an 


High insulatio 
formability 


Electrical appl 
mechanical ap 


2.9 For mechanica 


High mechanic 
trical propertie 


High heat resi 
arc resistance. 


Extremely hig 
moisture absor 


High mechanic 
Will not suppo 


pogaaaa 


Combines som 
of glass epox 
phenolic laminge 
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LAMINATED PLASTICS VULCANIZED FIBRE 


Principal Characteristics 
t mechanical strength, fair machinability, fair elec- 
operties under dry conditions. 


g grade. Sheets up to 4 inch can be cold punched; 
inch hot punched. 


anical applications requiring toughness and impact 
ing grade. Special fabric permits draw and stretch 
slace in forming. 
on weave base for mechanical uses requiring good 


bility. 


istant to heat and stronger than A. 


purpose electrical grade. Good strength, moisture 


e, electrical properties. 


an XX in electrical and moisture resistance and more 
for hot punching. 


isture absorption and dimensional change. Best 
grade of paper base moided tubing. 


ctrical properties than XXX and more suitable for 
hing. 


insulation resistance under high humidity condi- 
n be cold punched up to 4s" thick. 


ve canvas base electricai grade for fine machining. 


ulation resistance with high impact strength plus 
ty. 


applications requiring greater strength than XX; 
al appl. req. greater moisture resistance than C. 


XX 

XXP 

XXX 
XXXP 
XXXP-242 
LE 


NS 


resisting applications. 


anical applications requiring heat resistance. 


hanical strength. Excellent are resistance and elec- 
perties. Will not support combustion. 


t resistance. Excellent electrical properties, highest 
ance. Will not support combustion. 


high flexural, impact and bond strength. Low 
absorption. High insulation resistance. 


hanical strength retention at elevated temperatures. 
upport combustion. 


$s some of the superior performance characteristics 
epoxy laminates with fabrication ease of paper 
laminates. Self extinguishing. 


GEC-500 


GEC-111 


Printed in U.S.A. 
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Four 100-hp motors, one 
on each carriage, move 
the gantry. Automatic 
controls prevent it from 
skewing on the two sets 
of tracks. Operator can 
vary speed from 1.5 to 
40 fpm. Equalization of 
load between trucks on 
each carriage is accom- 
plished with a hydrau- 
lically operated equal- 
izer beam between the 
carriages and the tower 
supports. Hydraulic cyl- 
inders in the system are 
also used to jack the 
tower off the tie-down 
anchorages onto the rail 
carriages before move- 
ment. 


<Circle 218 on Page 19 


SATURN GANTRY 


(Continued from Page 36) 
standard railroad tracks adjusted to 1/32-in. 
tolerance in elevation to minimize sway. 


Scram System 


When the tower is completed late this 
month, a unique escape device will be added 
to provide emergency evacuation of person- 
nel. Steel capsules, foam-rubber lined and 
mounted on rails bolted to the tower, will 
be positioned one above the other near serv- 
ice platforms, much like cigarette packs in a 
vending machine. They will be so located 
that in the event of emergency, a man can 
jump into the capsule, close the door, pull 
a lever, and quickly descend. The rails curve 
off the tower behind a revetment where the 
capsule is braked to a stop by water. As the 
first capsule is released, another will auto- 
matically drop into position at the service 
platform and the cycle will be repeated as 
necessary. Maximum capsule speed will be 
approximately 45 mph. 

The tower was designed by Kaiser Steel; 
construction was supervised by Army Corps 
of Engineers, Jacksonville District. 
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A HEXSEAL" 


HEXSEALS are modular externai seals. 
They fit onto switches, potentiometers, 
circuit breakers and lighted push- 
buttons. 


We also make: 


« SEELSKREWS® 
 SEELBOLTS" posi 

SEALING 
©SEELRIVITS’ { useoware 
» SEELTHREDS" 





APM PRODUCTS MEET 
ALL APPLICABLE MIL SPECS. 











Our list of modular seals is just too long 
for this ad. Let us send you our Catalog 
No. 359B. 


*Trade Mark 


Write or call: 


MISS RIVA SOLINS 


A.P.M. corp. 


41 Honeck Street, Englewood, N. J. 
LOwell 9-5700 


Circle 219 on Page 19 





you manufacture: 


Air conditioning, appliances, electronic, 
communications, electrical apparatus, 
fans, blowers, machine tools, materials 
handling, panelboards and switch 
boards, prime mover, pumps, compres- 
sors and general machinery . . 


these Westinghouse 
products are 
tailored for you 


On these pages are shown some of the 
many components developed and man- 
ufactured by Westinghouse specifically 
for OEMs. Here is one single source for 
technical assistance, manufacturing and 
stocking of all of your electrical needs 
Use this total service to solve your design 
and manufacturing problems now. Call 
your local Westinghouse Sales Engineer 
or write Westinghouse Electric Cor- 
poration, Box 868, Pittsburgh 30, Pa. You 
can be sure. . . if it’s Westinghouse. 


45-96163 


Westinghouse 


Black Line control 
transformers 


Especially designed for machine 
tool control. Compact design plus 
Westinghouse’s exclusive “‘BONDAR” 
Class “‘A” insulation combines quality 
and minimum space in Black Line 
Transformers. Offered in a wide range 
of voltage ratings—.025 kva through 5 
kva with a 55° C. rise. For details, write 
for Bulletin B-7879 to Westinghouse 
Electric Corporation, Box 868, Pitts- 
burgh 30, Pa. You can be sure... if 
it’s Westinghouse. 


J-96170 
Circle 220 on Page 19 
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June 1-2— 

American Standards Association. 
Company Member Conference (open 
to all organizations interested in 
company standardization programs) 
to be held at the Pick-Congress 
Hotel, Chicago. Further informa- 
tion can be obtained from ASA 
headquarters, 10 E. 40th St., New 
York 16, N. Y. 


June 4-8— 

American Nuclear Society. An- 
nual Meeting to be held at the 
Penn-Sheraton Hotel, Pittsburgh. 
Further information can be ob- 
tained from O. J. DuTemple, 86 
E. Randolph St., Chicago 1, Ill. 


June 4-9— 

Society of Automotive Engineers 
Inc. Summer Meeting to be held 
at the Chase-Park Plaza Hotel, St. 
Louis. Additional information is 
available from SAE, 485 Lexington 
Ave., New York 17, N. Y. 


June 5-7— 

American Gear Manufacturers 
Association. Annual Meeting to be 
held at the Homestead, Hot 
Springs, Va. Further information is 
available from AGMA headquarters, 
1 Thomas Circle, N.W., Washing- 
ton 5, D. C. 


June 5-9— 

Society of the Plastics Industry 
Inc. Ninth National Plastics Ex- 
position and National Plastics Con- 
ference to be held at the Coliseum 
and the Commodore Hotel, New 
York. Additional information can 
be obtained from SPI headquarters, 
250 Park Ave., New York 17, N. Y. 


June 6-8— 

Instrument Society of America. 
Summer Instrument - Automation 
Conference and Exhibit to be held 
at the Royal York Hotel and Queen 
Elizabeth Hall, Toronto, Ont. Fur- 
ther data are available from ISA, 313 
Sixth Ave., Pittsburgh 22, Pa. 


June 8-9— 
Malleable Founders Society. An- 
nual Meeting to be held at the 


BF relay 


Saves space, cuts cost, is specially 
engineered for machine tools. 50% less 
space, front accessible terminals, low 
teniperature operation, lower installed 
cost, long life. In both 4-pole and 8-pole 
frames, rated at full load current of 6 
amps/300 volts a-c 60 amp inrush. Write 
for Bulletin B-7345, Westinghouse Elec- 
tric Corporation, Box 868, Pittsburgh 30, 
Pa. You can be sure . . . if it’s Westinghouse. 


Bidets Circle 221 on Page 19 


Westinghouse 


- AB-I breakers 


Often costless than safety switches 
yet are better, smailer, lighter. 
AB-I Breakers for motor circuit protec- 
tion are installed faster, approximately 
half ‘the size, 4 the weight. Machine 
operator can “re-set” and contacts can 
be visible.Write for Bulletin B-7350 and 
be convinced—Westinghouse Electric 
Corporation, Box 868, Pittsburgh 30, 
Pa. You can be sure... if it’s Westinghouse. 


“ee'es Circle 222 on Page 19 


MacuHinE Design 





Magnaflow electro- 
magnetic drives 


Economy, less space, 17:1 speed 
range or more. Includes everything 
needed for stepless wide-range speed 
control from a-c power. Has a-c motor 
drive, electromagnetic coupling, regu- 
lating exciter, operator control station 
plus variety of modifications to suit 
special operating conditions (4 to 700 
hp). Write for B-7875, Westinghouse 
Electric Corp., Box 868, Pittsburgh 30, 


Pa. You can be sure .. . if it’s Westinghouse. 
ear Circle 223 on Page 19 


Westinghouse 


NEW 


TEFC d-c motor 


For fastest d-c motor response! 
New totally-enclosed, fan-cooled Life- 
Line H d-c motor with 75% less arma- 
ture inertia, 500% commutating ability 
for acceleration results in faster stops, 
quicker stops, faster reversing. 30 hp 
rating accelerates from 0 to 1750 rpm— 
fully loaded—in 1.1 sec. ; similar response 
in ratings | to 75 hp and higher. Write 
Westinghouse Electric Corporation, 
Box 868, Pittsburgh 30, Pa. You can be 
sure... Uf it’s Westinghouse. 


J-96168 
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Broadmoor, Colorado Springs, Colo. 
Additional information can be ob- 
tained from society headquarters, 
781 Union Commerce Bldg., Cleve- 
land 14, Ohio. 


June 8-9— 

National Electrical Manufactur- 
ers Association. First Western Con- 
ference to be held at the Biltmore 
Hotel, Los Angeles. Further in- 
formation is available from NEMA, 
155 E. 44th St., New York 17, N. Y. 


June 11-15— 

American Society of Mechanical 
Engineers. Summer Annual Meet- 
ing to be held at the Statler Hilton 
Hotel, Los Angeles. Additional in- 
formation can be obtained from 
ASME Meetings Dept., 29 W. 39th 
St., New York 18, N. Y. 


June 13-15— 

Institute of the Aerospace Sci- 
ences — American Rocket Society. 
Joint Summer Meeting to be held 
at the Ambassador Hotel, Los An- 
geles. Further information is avail- 
able from IAS, 2 E. 64th St., New 
York 21, N. Y. 


June 14-16— 

American Society of Mechanical 
Engineers. Applied Mechanics Con- 
ference to be held at Illinois Insti- 
tute of Technology, Chicago. Fur- 
ther information can be obtained 
from ASME Meetings Dept., 29 W. 
39th St., New York 18, N. Y. 


June 18-23— 
American Institute of Electrical 
Engineers. Summer General Meet- 





“He doesn’t exactly criticize my 
work, but | don’t like the way he 
keeps staring at my diploma.” 








NEW 


Rectiflow 
adjustable 
speed drives 


Economical, simple, reliable, over 
3:1 speed range or higher, inher- 
ent constant hp characteristics. 
20 hp to 600 hp in open and totally 
enclosed air-cooled designs. Inherent 
fast response and close speed regulators 
make this drive a natural for a wide 
variety of machine tool applications. 
For more information, write Westing- 
house Electric Corporation, Box 868, 
Pittsburgh 30, Pa. You can be sure. . . if 
it’s Westinghouse. 
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Westinghouse 


Guardistor motors 


Guaranteed against burnout due 
to overheating from any cause! 
Exclusive static-semiconductors im- 
bedded in windings respond with snap 
action only when windings reach critical 
temperature. Anticipated nuisance trips 
are avoided. Use full rated hp safely. 
Available for any size motor. Write for 
Bulletin B-7876 to Westinghouse Elec- 
tric Corp., Box 868, Pittsburgh 30, Pa. 


You can be sure. . . if it’s Westinghouse. 
eel?" Circle 226 on Page 19 


45 











SETTING THE PACE 


ONE WAY TO MEET THE 
TREND TOWARD DIGITAL CONTROL 





Pace Control’s reason for being is based on 

a firm belief in the future of the automatic 
control industry. As we see it, our function is 
to provide means for accomplishing complex 
Pace operations, efficiently and accurately, where 
manual or semi-manual skills are not adequate 
— or may not even be possible. We see it as our 
function, too, to provide a release from the 
tedium of repetitive operations. This ‘is our 
governing philosophy and the reason behind 
this series of articles I’ve called ‘‘Setting 


by 
Arthur L. Fitch 
President 


Controls 
Corp. 


The Pace’. 











Concurrent with our approach 
toward the control industry, we 
recognize that the demands of this 
era of industrial revolution for 
technical apparatus — and its con- 
trol— are compounding themselves 
with each passing year. 


Already, a decided trend toward 
the digital approach in the elec- 
tronics industry is evidenced in the 
swing from devices that have been 
analog toward conversion to digital. 
This would include just about 
everything from computers to volt- 
meters. What’s the explanation for 
this trend? It could be found quite 
possibly in the mounting demand 
for versatility, reliability and 
simplicity. 

Now,’if automatic control, partic- 
ularly electronics, is to enjoy a 
boundless future, — and if the 
approach to electronic control de- 
vices is to lean more heavily on the 
digital approach, doesn’t it seem 
logical to conclude that digital con- 
trol, indeed, is a business with a 
future? We think so. 

And it follows, with equal logic, 
that if the trend is toward digital 
electronics in the form of com- 
puters, programmers, read-in and 
read-out devices and a myriad of 
other electronic devices, it can be 
safely assumed that digital appa- 
ratus will do the work. 


Toa large extent, without 
DIGITORK (which we'll tell you 
about shortly), this just isn’t possi- 
ble. Even now, a completely digital 
control system will eventually 
terminate in digital to analog con- 
version to do work with analog 
devices. 

We believe that the completely 
digital approach caraot end at the 
input. Rather, it must eventually 
be carried through to the output — 
and where necessary — again back 
to the input for checking reference. 


DIGITORK is truly...Setting The Pace! 





DIGITORK — first and only motor 
of its kind. 


Of the many hundreds of devices 
that must rely on digital type 
signals for their control—or would 
certainly be better if they did 
— DIGITORK can provide the 
answer. Perhaps the only answer. 
You can be sure we’re sure when 
we make a statement like that! 
DIGITORK, by the way, is our 
trade name for family of products 
centered around a unique stepping 
motor principle. Here, we have a 
digital, torque-producing actuator 
responding in discrete increments 
of motion . . . one step for each 
pulse. The concept of application 
in its rudest element is ...a 
desired motion — rotary, linear or 


other — may be accurately con- 
trolled by the number of pulse 
signals furnished. The speed of the 
motion may be accurately con- 
trolled by the rate at which the 
signals are delivered to the control. 
Certainly, there’s much more to tell 
about DIGITORK than this, but 
we’re getting too close to the 
bottom of the page. We expect 
you’ll want to learn the whole excit- 
ing story, so write in and we'll 
have it on its way to you by 
return mail. 


In any case, with acceptance of 
the DIGITORK principle gaining 
momentum at an encouraging rate, 
we at Pace Controls foresee a most 
promising future. As we see it... 


Ace 
OnTROLS COoOR-R 


NEEDHAM HEIGHTS 94, MASSACHUSETTS 
Hilicrest 4-8844 
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ing to be held at Cornell Universi- 
ty, Ithaca, N. Y. Annual Meeting of 
of AIEE begins June 19. Additional 
information can be obtained from 
AIEE headquarters, 33 W. 39th St., 
New York 18, N. Y. 


June 19-21— 

Institute of the Aerospace Sci- 
ences. Heat Transfer and Fluid Me- 
chanics Institute, to be held at the 
University of Southern California, 
Los Angeles. Additional information 
is available from IAS headquarters, 
2 E. 64th St., New York 21, N. Y. 


June 25-28— 

American Society of Agricultural 
Engineers. Annual Meeting to be 
held at Iowa State University, 
Ames, Iowa. Additional information 
is available from society headquar- 
ters, 420 Main St., St. Joseph, Mich. 


June 25-30— 

American Society for Testing 
Materials. Annual Meeting to be 
held at Chalfonte-Haddon Hall, At- 
lantic City, N. J. Further infor- 
mation is available from ASTM, 
1916 Race St., Philadelphia 3, Pa. 


June 26-27— 

Fifth Annual Conference on Vac- 
uum Metallurgy, sponsored by 
American Vacuum Society and 
New York University, to be held 
at University Heights campus of 
N. Y. U. Further information can 
be obtained from the society, P. O. 
Box 1282, Boston 9, Mass. 


June 26-28— 

Institute of Radio Engineers. Na- 
tional Convention on Military Elec- 
tronics to be held at the Shoreham 
Hotel, Washington, D. C. Further 
information is available from IRE, 
1 E. 79th St., New York 21, N. Y. 


June 26-28— 

American Society of Heating, Re- 
frigerating and Air-Conditioning 
Engineers. Annual Meeting to be 
held at the Denver Hilton Hotel, 
Denver. Additional information 
can be cbtained from society head- 
quarters, 234 Fifth Ave., New 
York 1, N. Y. 


June 26-30— 
American Institute of Electrical 
Engineers. Aerospace Transporta- 
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tion Conference to be held at the 
Benjamin Franklin Hotel, Philadel- 
phia. Additional information is 
available from AIEE, 33 W. 39th 
St., New York 18, N. Y. 


July OT ean & FINE ARTICULATION OF SHAPE 
National Society of Professional : : . 3, oe noes ee 

Engineers. Annual Meeting to be ia 

‘ | GREAT FUNCTIONAL FLEXIBILITY 
held at the Olympic Hotel, Seattle, | dain vevensity-oe Apecailasas 
Wash. Additional information can THROUGH A WIDE SELECTION 
be obtained from NSPE, 2029 K. OF PATTERNS 
St. N.W., Washington 6, D. C. THESE ARE THE QUALITIES: OF 


K PERFORATED MATERIAL 


MATERIAL CONFIGURATION 


LITERATURE, DESIGN 
AND TECHNICAL. ASSISTANCE 


Short Courses | s wehaabis 


NQUIRIES ARE INVITEC 


and Symposia 


June 11-16— 

Seminar on Electrical Contacts to 
be held at Pennsylvania State Uni- 
versity. Theory and practice in elec- 
trical contacts, including static con- 
tacts and commutation, and arcs 
and arcing contacts, will be cov- 
ered. Additional information is 
available from the Conference Cen- 
ter, Pennsylvania State University, 
University Park, Pa. 


IN ¢ 


June 11-23— 

Short Course on Solid-State Me- 
chanics to be held at Pennsylvania 
State University. Major emphasis 
of the course will be on discussions 
of recently developed methods for 
evaluation and interpretation of 
stress-strain properties and the use 
of these procedures in design. Fur- 
ther information is available from 
the Conference Center, Pennsyl- 
vania State University, University 


Park, Pa. 
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June 12— 

Air Pollution Instrumentation 
Symposium, sponsored by Instru- 
ment Society of America and Air 
Pollution Control Association, to be 
held at the Hotel Commodore, New 
York. Further information is avail- 
able from ISA, 313 Sixth Ave., Pitts- 
burgh 22, Pa. 


June 13-16— 

Industrial Engineering Seminars, 
to be held at Cornell University. 
Participants attend general sessions 
and enroll in one of nine groups, 
which include engineering adminis- 
tration, systems simulation using 
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Mr. A. A. Lindberg, Design Engineer, 


Moore Special Tool Co., Inc. states: 
“On our Model 142 Jig Borer... 


General Electric Polydyne*® Drives 
Help Us Maintain 0.000070" Accuracy” 


“Efficiex:t control of vibration is the reason that 
the majority of our Model 1% jig borers are 
equipped with General Electric Polydyne drives. 
Competitive drives have never fully solved this 
problem,” states A. A. Lindberg, Design Engineer for 
Moore Special Tool Co., Bridgeport, Connecticut. 


“Moore tests each Polydyne drive on a specially 
constructed bracket,” continued Mr. Lindberg. 
“Vibration readings are taken at three points, and 
every Polydyne drive tested has been under the 
vibration limit of 0.001 inch and virtually free of 
operating noise. 

“Another reason that our Model 14% has proved 

Circle 229 on Page 19 


popular is that the Polydyne drive gives an infinite 
number of operating speeds with just a simple ad- 
justment of the dial to the desired rate.” 


When your application requires low-cost adjust- 
able speed combined with reliability and ease of 
maintenance, investigate G-E Polydyne drives. Your 
General Electric Sales Engineer has full details. 
Or, write for bulletin GEA-6806, Section 854-06, 
General Electric Company, Schenectady 5, N. Y. 

* Seventy Millionths 3 


GENERAL @@ ELECTRIC 





GENERAL ELECTRIC 
OFFERS A COMPLETE LINE 
OF LOW-SPEED DRIVES 
1/8 TO 200 HP 


Select from G.E.’s PLUS LINE of 
compact mechanical power trans- 
mission equipment! A full range 
of ratings is available—many 


directly from stock. 


General Electric Polydyne Drive 


Integral-type Gear Motor 


All-motor Gear Motor 


Footed Speed 
Reducer 


Shaft-mounted 
Speed Reducer 


Member of 
American Gear Manufacturers’ Association 


GENERAL @p ELECTRIC 
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digital computers, statistical deci- 
sion-making, and statistical reliabili- 
ty analysis. Additional information 
can be obtained from J. W. Gavett, 
Seminars Coordinator, Dept. of In- 
dustrial and Engineering Adminis- 
tration, Upson Hall, Cornell Uni- 
versity, Ithaca, N. Y. 


June 13-23— 

Experimental Techniques Course, 
offered at the Massachusetts Insti- 
tute of Technology, is designed to 
provide the background for making 
and interpreting measurements in 
the general mechanical engineering 
field. Measurements include dis- 
placement, strain, force, torque, ve- 
locity, acceleration, flow, and tem- 
perature; methods include optical, 
mechanical, nneumatic, electric, and 
photographic. Further information 
can be obtained from Director of 
the Summer Session, M.I.T., Cam- 
bridge 39, Mass. 


June 19-23— 

Scientific and Engineering Reports 
program, to be held at Massachu- 
setts Institute of Technology, is for 
scientists, engineers, technical super- 
visors, and technical writers. The 
program will include guest lecturers 
from industry, discussions, and writ- 
ing practice. Additional information 
is available from Director of the 
Summer Session, M.I.T., Cambridge 
39, Mass. 


June 19-23— 

Technical Writing course, offered 
at the University of Michigan, will 
stress presentation, efficient lan- 
guage, and structure. Further infor- 
mation can be obtained from R. E. 
Carroll, Engineering Summer Con- 
ferences, 126A West Engineering 
Bldg., The University of Michigan, 
Ann Arbor, Mich. 


June 19-30— 

Human Engineering Concepts and 
Theory course to be given at the 
University of Michigan, will cover 
current trends, selected new devel- 
opments in human-factors research, 
and applications. Additional infor- 
mation is available from R. E. Car- 
roll, Engineering Summer Confer- 
ences, 126A West Engineering 
Bldg., The University of Michigan, 
Ann Arbor, Mich. 
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15 STEPS 
ELIMINATED 


~ by BRIDGEPORTS new 
Cored Forging Method 


Originally, a casting requiring heavy 
cutting,a tube, a web plate and 3 rivets 
were required. Now a one-piece brass 
cored forging is polished and plated 
without machining—and the blanked 
out web provides the cap. 

This stanchion socket benefits from 


5 common Cored Forgings advantages. 


no draft, 1.D. or O.D. 
denser, stronger grain 








less machining to finish 





less assembly required 





thinner walls or sections 





better appearance 





multiple coring 





lower cost plating 





less scrap/ rejects 





Which of these process savings or 
product improvements would apply to 
your part or assembly? Write for de- 
scriptive brochure...or send your parts 
or drawings for our evaluation...to: 


CORED FORGINGS DIVISION 


BRIDGEPORT 


BRASS COMPANY 


1000 Connecticut Ave., South Norwalk, Conn. 
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STEEL 


ASTM A-178 
BOILER TUBES 


CARBON 
STEEL 


STAINLESS 







~ 


ASTM A-270 To ASTM A-214 
Sisjaemm FEAT EXCHANGER TUBES 


CARBON STAINLESS 


STEEL STEEL . 


To 20” 
Periphery 
SQUARE TUBES 


STAINLESS Be CARBON 


STEEL, 







vk . Where chiar: For Corrosion 
FABRICATED TUBE METALLIZED TUBES 





CARBON STAINLESS 


STEEL f STEEL 


Also 
Stainless 
Steel 
GROOVED 


END TUBES #AMOgianiail 


STAINLESS: 
STEEL 


CARBON 
STEEL 











Strong, Modern, Dependable 


STAINLESS 




















TUBE REFRIGERATION TUBES LIGHTWE 







HEAT Republic Spec-101 ; 
XG@HANGER. TUBES STRUCTURAL TUBES MECHANICAL TUE 







REPUBLIC STEEL... 


STAINLESS 
STEEL 






CARBON Me STAINLESS 
STEEL STEEL 





Special 
Smooth |.D. 


CYLINDER TUBES 





STAINLESS CARBON 
STEEL STEEL 










CARBON STAINLESS 


Full 
Range of Sizes 







STAINLESS CARBON 
STEEL STEEL 


4 
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PROBLEM-SOLVING KNOW-HOW AND EXPERIENCE 
have made Republic a leader in custom production 
of Fastener and Formed Parts "Specials." Whenever 
standard fasteners can't do the job, you'll save time 
and money by contacting Republic. Write for data 
on Republic design, engineering, and production 


services. Circle 231 on Page 19 





To J.1.C. Standards 
HYDRAULIC FLUID LINE 











Structural Grade f 
RECTANGULAR TUBES BRIGHT ANNEALEL COLD ROLLED TUBES 


STEEL eA 






FABRICATED TUBES 


STAINLESS: CARBON 
STEEL STEEL 


STAINLESS 
STEEL 





%” Thru 
6’ 0.D. 
16 Gage 
and Heavier 


HOT-ROLLED TUBES 


STAINLESS CARBON 
STEEL STEEL 







Full 


Range of Sizes 
AIR PREHEATER TUBES 












To 4°x6" ? 22 to 10 Gage 








STAINLESS 
STEEL 


To ASTM A-178 


GHT PIPE WATER WALL TUBES 





STAINLESS . CARBON 
STEEL | STEEL 


Technical 





Assistance 4 al Mechanical 
MANDREL DRAWN TUBE 


TRIM COLD FINISHED BAR COSTS. Republic's CENTURY 
SERIES offers five grades of high-strength, stress- 
relieved, cold finished bars, each with a minimum yield 
strength of 100,000 psi. For highly machined parts, use 
C-1144. Moderately machined parts—C-1140 or C-1151. 
For parts where machinability is a minor factor—C-1050 


44” Thru 6” O.D. 







For 
Use 








or C-1045. Send for complete data. Circle 232 on Page 19 
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World’s Largest Producer 


of SPECIALTY 
WELDED TUBING 


Challenge us to come up with a solution to your 
toughest tubing applications. 

We will produce the best possible answer drawn 
from Republic’s full line of quality welded steel 
tubing and more than 50 years of applied engi- 
neering experience. 

This claim is made with confidence. Our cus- 
tomers regularly hand us their tubing problems, 
and the results have provided mutual satisfaction. 

Manufactured at the Steel and Tubes Division, 
Republic Tubing is welded by the ELECTRUNITE® 
process—a continuous electric weld method which 
unites the wall under pressure without. foreign or 
extra metal. Among other advantages, this proc- 
ess assures uniformity of wall thickness, strength, 
ductility, and concentricity. 

Republic, the pioneer in this improved welding 
process, was also the first to provide a non- 
destructive electronic production method of 
testing tubing used for critical pressure applica- 
tions. This is known to the trade as FARROWTEST®. 

Next time you have a tubing application or 
problem, take advantage of Republic’s prompt 
delivery,e; tineering services, and complete range 
of carbon and stainless steels for mechanical, 
structural, and pressure uses. 

Call your nearest Steel and Tubes representa- 
tive or contact us direct. 


oe) 


REPUBLIC 


STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


FOR ADDED MACHINABILITY, consider Republic Cold wn leaded 
Alloy Steels. Leading producers of gears use Republic leaded Alloy 
Steel in the manufacture of heavy-duty herringbone gears. Addition of 
lead increases machinability as much as 25%. Heat treating assures 
adequate hardness and toughness. Cost-reducing Republic Alloys are 
available in almost every standard analysis and many specials. Mail 


the coupon for information. Circle 233 on Page 19 


Check this listing of Republic Steel 
Tubing and Pipe. Which have possible 
applications in your products? 


STAINLESS STEEL 
Pressure Tubing 

(J Condenser Tubes 
CZ Pipe—Schedule 40S 
(CD Sanitary Tubes 

C Heat Resistant 

[) Evaporator Tubes 
C Bright Annealed 


C Pipe—Lightweight 
Schedule 10S—5S 


C Heat Exchanger 
Tubes 


Mechanical Tubing 
0 Aircraft Exhaust 


C Special Shapes 

CZ Fabricating Facilities 
C Polished Tubing 

C Ornamental Tubing 


( Clad Tubing 
Carbon—Stainless 





Cut out and send this check 
list for descriptive literature 
on Republic Tubing and Pipe 
applicable to your products. 


CARBON STEEL 
Pressure Tubing 
0 Boiler Tubes 


C Heat Exchanger 
Tubes 


C2 Hydraulic Fluid Line 
— Grooved End Tubes 
C) Refrigerator Tubes 
CJ Water Wall Tubes 
(C Superheater Tubes 
( Condenser Tubes 
CJ Evaporator Tubes 


Mechanical Tubing 
CZ Air Preheater 
(CD Square Tubes 
C— Rectangular Tubes 


CJ Special Smooth |. D. 
Hydraulic Cylinder 
Tubes 


C Hot Rolled Tubes 

(— Cold Rolled Tubes 
[J Metallized Tubes 

C) Structural Tubes 

CO Fabricating Facilities 
C— Drawn Tubes 
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REPUBLIC STEEL CORPORATION 


1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please also send me information on: 


0 Republic Cold Drawn Leaded Alloy Steels 
O Republic Formed Part “Specials” 


0) Republic Century Series 

















Mr. Design Engineer: 
Is high torque strength of interest to you? 


Take a look at the reinforced Plaskon® Nylon specified by a prominent manufacturer for their newest outboard 
propeller. The material is Nylafil G-3 — Plasxon Nylon reinforced with glass fibers under carefully controlled 
conditions by the Fiberfil Corporation, Warsaw, Indiana. 

They chose this material because of its outstanding tensile and flexural strength which enables it to meet the 
high torque requirements of an outboard propeller. Also important are its excellent resistance to corrosion and 
electrolysis, outstanding impact resistance, light weight, improved dimensional stability, and fine resistance 


to abrasion (propellers are tested by running over sand bars and oyster beds). 

Even if your field isn’t marine engineering, these properties should be of interest to llied 

your particular design problem. Let our Applications Engineering Group work with hy a | 
emica 


you — write our Nylon Design Department. 
PLASTICS DIVISION 
40 Rector Street, New York 6, N. Y. BASIC TO AMERICA’S PROGRESS 
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Is There a Happy Ending 
for You 
in the Tail of 


this Hook . 


Installation of small extension springs in 
restricted space was a problem in assem- 
bling business machines. Also plagued 
with the same problem were field service- 
men. Development of Easy-on® Hooks 
provided the happy ending to both sit- 
uations—opened up new possibilities for 
wider application. 


Shown above are variations of the 
Easy-on® principle—production-formed 
extended lips which make it possible to 
snap on or off the anchoring point with 
ease. Easy-on® Hooks may be formed at 


Associated Spring Corporation 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 


ence 


either or both ends. Springs can be pro- 
vided with Lock-on® hooks also advan- 
tageous in certain operating conditions. 


Here’s a typical example of A.S.C. 
service that is your best buy in spring- 
making. Helping to achieve cost-saving 
efficiencies in design, use, or production 
of springs, wire forms, small stampings is 
the specialty of all A.S.C. Divisions. 
May we discuss your requirements? 


Raymond Manufacturing Division, Corry, Penna. 


Re. 
a 
sie 
thee 
ie 
me 
. 
mono 
a 
ea 
— 


Ww Www ew we Ye ey ee ow 





Write for ‘“‘How A.S.C. 
solves design and produc- 
tion problems of Springs 
and Spring-like things.”’ 


General Offices: Bristol, Connecticut 


&-G-R Division, Plymouth and Ann Arbor, Mich. 


Gibson Division, Mattoon, Ill. 

Milwaukee Division, Milwaukee, Wis. 

Seaboard Pacific Division, Gardena, Calif. 
Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. 


Cleveland Sales Office, Cleveland, Ohio 
Chicago Sales Office, Chicago 46, Ill. 
Ohio Division, Dayton, Ohio 


F. N. Manross and Sons Division, Bristol, Conn. 
Dunbar Brothers Division, Bristol, Conn. 
Wallace Barnes Steel Division, Bristol, Conn. 
Merchandise Division, Corry, Penna. 
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HALF SAFE IS 


Have you ever heard of half an accident? Frankly, we don’t 
think so—that’s why Worthington gives you double protec- 
tion by building Two Golden Screws into every Worthington 
hub. 

One-half the protection lies in the Golden Screw at the 
right, above. See how it turns down to lock the key securely 
in place? This prevents potentially dangerous key drift. 

How important is this Golden Screw? Decide its value in 
light of the maximum possible danger to equipment or 
personnel from a loose key. And then remember this—you 
pay no more for this Golden Screw in a Worthington sheave. 
You get extra value—for the same low price. 

The Golden Clamp Screw on the left, above, allows you 
to locate and lock the hub securely on the shaft. Locking the 


hub allows you to tighten the set screw without distorting 
the hub. It is an exclusive Worthington feature. The two 
piece hub and rim design simplifies installation. You install 
one piece at a time. You can also make sheave changes 
without disturbing the hub or affecting the alignment. 

Hubs with Two Golden Screws are supplied with each 
of the Worthington power transmission products shown at 
the right. Each product has its own advantages—and all 
have the extra, full safety feature of the Two Golden Screws 
at no extra cost. 

These products can work for your profit. Learn how they 
can be designed into your product or how they can add extra 
protection and performance into your plant. You can do this 
by asking for one or more of the “how-to-figure-it” design 
































MULTI-V OR MULTI-WEDGE? Multi-V drives have been an industry standard 
for years. Multi-Wedge drives, using a new, stronger belt design, cut costs 
sharply. They reduce the number of belts, use smaller, lighter sheaves and 
reduce center distances. 


NOT SAFE 


manuals shown here. Your Worthington distributor stocks 
these products. 
See the Yellow Pages to locate your Worthington Distributor. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 


Please direct inquiries to odvertiser, mentioning MACHINE DESIGN 








POSITIVE DRIVES. Worthington Positive Drives save weight and space and 
reduce bearing loads for machines ranging from typewriters to 600-hp 
giants. It combines the advantages of both chain and belt. There's no 
stretch, no metal-to-metal contact and no lubrication. 

















MOTOR PULLEYS AND COMPANION SHEAVES. The new Worthington vari- 
able speed Motor Pulley gives speed ratios up to 3:1 in ratings from % to 
15 hp. It has the simplest, most dependable of all motor pulley designs. 
The companion sheaves feature the Two Golden Screw construction. 




















CENTRIFUGAL CLUTCHES. These fully automatic clutches protect against 
overloads and simplify starting problems. Two basic models. A clutch- 
coupling for direct motor drives and a drive clutch, tapered to receive stand- 
ard Hy-Torque Multi-Wedge Sheaves, Positive Drive Pulleys or sprockets. 





HUBS AND WELD-ON ADAPTERS. Make your product “‘quick detachable” 
— easier to mount, always tight on the shaft, easier to remove. Weld the 
QD Adapter to any shaft mounted part. Then use Worthington QD Hubs 
with Two Golden Screws. Or machine your part to use the QD Hubs. 
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Esch Worthington product shown here has the complete 
safety feature of the Two Golden Screw design. For more in- 
formation about any of these products, please send this coupon. 


WORTHINGTON CORPORATION 
Section 79-41, Oil City, Pa. 
Please send me your new catalogs on: 
[) Multi-V Drives 
C) Multi-Wedge Drives 
C) Positive Drives 
() Variable Speed Pulleys & Companion Sheaves 
C) Centrifugal Clutches 
C) QD Adapters 


Name_______ 








Company —_ 


Address __ 
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OHIO ; COLD DRAWN} 


features improved physicals, 
closer tolerances, better finish 
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Arrows indicate approximate center of weld line. After 
normalizing, cold drawing and annealing, the weld 
area cannot be detected even when the polished and 
acid-etched surface is magnified 100 diameters. This 
perfect microstructure makes Ohio’ Drawn-Welded, in 
every sense, weldiess — an ideal tubing for critical 
mechanical and pressure applications. In addition to 
cold drawing, a severe test in itself, non-destructive 
tests such as air, water, magnetic and eddy current, 
insure 100% acceptability. 





WELDED STEEL TUBING 


Now Available in Larger Sizes... 
Heavier Wall Thicknesses 


NEWS ITEM: 

Ohio Seamless is now cold drawing quality electric resistance welded steel tubing up 
to 714 inches with wall thicknesses to .344. Ohio Custom Made Drawn-Welded Tub- 
ing is here now — in greater range of sizes, wall thicknesses, finishes than ever before. 


TECHNICAL ITEM: 


Controlled normalizing assures desired microstructure ... Precision cold drawing 
imparts special physical properties, assures uniform wall thickness, delivers closer 
dimensional tolerances and superior surface finish. 


ACTION ITEM: 


This all adds up to a new major-source capability that can help you design with new 
freedom, manufacture at lower costs. Mark your orders: Ohio Custom Made Tubing. 
Either welded or seamless, it’s your best buy whenever tubing is the best shape. 


OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company > SHELBY, OHIO 
Seamless and Electric Resistance Welded Stee/ Tubing * Fabticating and Forging 
Representatives in principal cities. Check leading directories: 
THOMAS’, MacRAE’S, CONOVER-MAST, SWEET’S, FRASER’S. 
Circle 207 on Page 19 See us at the DESIGN ENGINEERING SHOW—Cobo Hall, Detroit—May 22-25 
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| in record-breaking 
MERCURY outboard 
beer motors 


Hydroplane speeds averaging 
over 107 miles per hour, run- 
about endurance runs of 50,000 
miles in 68 days and outstanding 
power exhibitions by Mercury 
outboard motors are a true test 
of component performance. 
MCGILL split center main bearing 
sleeves are used in 60-80 horse- 
power six cylinder Mercury out- 
board motors and have played an 
important part in the high stand- 
\ ards of performance set by these 
motors. 


engineered electrical produets =— —wwwa-— 


MSGI Et “cen solve your 


special purpose bearing problems 


You may have found that a special bearing is the only way to add 
anti-friction advantages to non-standard shaft and housing dimensional 
combinations—perhaps a special type bearing incorporating odd shaped 
components or adjacent machine members will do the job best. Such 
special bearing design and production is part of everyday activity with 
MCGILL. So don’t design around a bearing barrier until you have con- 
sulted MCGILL creative engineering. They will welcome an opportunity 


to make recommendations. 


FAWICK AIRFLEX DIVISION 
magnetic clutches employ 
McGILL special ball bearing — 


A special MCGILL precision ball bearing was developed to meet the exact- 
ing anti-friction requirements of the Fawick Stationary Field Magnetic 
Clutch. This extremely narrow and thin section bearing of comparatively 
large bore diameter is built to precision tolerances to accurately position 
and align all moving parts in relation to the stationary coil. Radial fit up 
is closely controlled to provide accuracy of magnetic flux air gaps. 
Retainer is nonmagnetic. Fawick relies on the MCGILL bearing to facili- 
tate the rapid and smooth response of the clutch even when operating at 


high cyclic rates. 


CAMROL® bearings protect reliability 
of IBM accounting machines 


| MCGILL cF Series CAMROL bearings 
improve performance and provide 
an additional safety factor for 
greater reliability in IBM 407 Ac- 
counting Machines. The CAMROL 
bearings are located on the card 
feed cam follower arms and they 
operate a pressure plate on the 
sensing unit of this high speed card 
feed. The IBM 407 Accounting Ma- 
chine combines outstanding arith- 
metic ability and printing at a speed 
of 150 lines per minute. 


> 
a 
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Send for free copy of McGill Bearing Catalog No. 52-A. 


SGILL 
MULTIROL-GUIDEROL-CAMROL-CAGEROL 


precision needle roller bearings 


McGILL 'MANUFACTURING CO., INC., Bearing Division 
200 N. Lafay=ite Street, Valparaiso, Indiana 
Circle 237 on Page 19 Circle 240 on Page 19> 





TEAR OUT AND SAVE AS A FILE FOR UP-COMING 3M CHEMICAL ADVERTISEMENTS 


SM PROPERTIES PROFILE ROUNDUP 
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WHAT'S 
YOUR 
SPECT TTY 5 ser 


3M CHEMICALS HAVE SPECIALTIES, TOO... PARTICULAR PROP.- 
ERTIES THAT HELP SOLVE DESIGN PROBLEMS. With their aid, process- 


ing and product development is being advanced far beyond previously accepted 
limits in such diverse industries as electronics, missiles, textiles, plating, aircraft, 
automotive, rubber, plastics, packaging, and more. » 

Tear out and save this four-page folder. The information a 3M 


os . \, COMPANY 
ut contains may prove valuable to you. s 1 
THE RAW MATERIALS OF PROGRESS 








FROM 3M CHEMICALS DIVISION... SPECIALTY CHEMIC 








SUMMARY OF 3M PROBLEM-SOLVING CHEMICAL VERSATILITY 






CALS WITH SPECIAL PROPERTIES 
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APPLICATIONS 



















Mechanical seals Fuel cells Air ducts 
Fuel and hydraulic hose Fire walls Wire insulation 


Brake cups Valve stem seals Shaft seals 
Seals and diaphragms. Sealants Transmission, pump 
for metering pumps O-rings and shaft seals 


Lip seals Flexi-liners for pumps Storage tank liners 


Coatings Potting and encapsulation Tooling resins — Cc) Fy 
Laminates of electrical products Adhesives 

Flooring compounds 

Seed bags Metal goods wrappers Carbonizing tissue FURTHER 


Wax laminate paper Asphalt laminate paper Corrugated coniainers 
oe INFORMATION 


: : i aie on any of the products in the 
Metals, includi Galvanized zinc sheet metal 
Smooth came —— Wood _— 3M _ Fluorochemical Family, 


mail coupon on opposite side 
of this flap. 


























Printing rolls and blankets Solvent-resistant putty Rubber gloves 
Gasoline and oil hose and tanks Caulking compounds Gaskets 
Diaphragm cloth Tank-lining materials 


Rubber products 












Carbon structural materials Electrodes 


“KEL-F,” “FURA-TONE,” “FLUOREL,” “TURPOL” and “CARDOLITE” are reg. TM's of 3M Co. 


To: Chemical Division 
Dept. KCG 
Minnesota Mining & Manufacturing Company 
900 Bush St., 
St. Paul 6, Minnesota 


Please send further information on (product) 


Area of interest: 


Please have a 3M Sales Engineer call for appointment 


COMPANY 


ADDRESS. 





LOOK T0 3M 
FOR ALLYOUR 
FLUOROCHEMICAL 
NEEDS 


As pioneers of fluorochemicals in mass-production quantities, 3M is your best source for 
fluorochemicals. Your order will command the highest possible quality and uniformity 
of product. . . tailored to your specifications . . . with prompt, efficient delivery. The 
laboratories of 3M are ready to assist you in the development of your ea through 
use of any of the following family of 3M fluorochemicals: ™ Lago 


= Acids » Resins » Elastomers » Plastics = Oils, Waxes and Greases «# Dis- "BM 
_ COMPANY 


persion Coatings = Functional Fluorochemicals = Surfactants and Inert Liquids 


THE RAW MATERIALS OF PROGRESS 
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Memo to the 


engineer 
who hasn’t 
used microfilm cards as yet! 


No doubt you've read about Recordak precision 
microfilm images mounted in aperture cards, and 
how they are speeding routines in drafting rooms 
large and small. 

But you may have some questions . . . are per- 
haps wondering just how they can help on your job. 

For a start, consider a few of the advantages: 
you'll be able to keep all of your drawings— 
thousands of them—in a small card file at your 
finger tips. You'll be able to refer to any one of them 
in seconds in a RecorpbAk Film Reader . . . no more 
“waiting”’ for costly prints every time you want to 
check a drawing. Whenever needed, low-cost, paper 
facsimiles—or duplicate film cards—can be made 
in seconds directly from the master card. 


S=RECORDEK’ 


(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—now in its 34th year 
IN CANADA contact Recordak of Canada Lid., Toronto 


There’s much more to the story. You must see for 
yourself how Recordak precision microfilming re- 
produces drawings of all types and ages with remark- 
able uniformity; how it gives you “drawings in 
miniature” that more than meet DOD requirements. 
Then you'll have a better idea why so many leading 
companies use Recordak microfilm-in-cards. 

Free booklet goes into more details on precision 
microfilming available through Recordak or a 
microfilming dealer of Recordak. 


RECORDAK CORPORATION DD-5 
415 Madison Ave., New York 17, N. Y. 


of Recordak. 
Name. 


eeeereeeeser MAIL COUPON TODAY «<«eeeeeeeee 


Send booklet describing RecorpAK Engineering Draw- 
ing System and name of nearest microfilming dealer 





Company 





Position 





Addres. 
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Adjustable Pawl 
FASTENERS 
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4 turn closes—additional turning tightens 





THREE SIZES: 
MIDGET * INTERMEDIATE + LARGE 


MOVING PAWL 
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BLIND Y% TURN ADJ. PAWL DOOR 
RIVETS FASTENERS | FASTENERS LATCHES 


Just slip the knob through a hole in 
the door (any door thickness—it 
doesn’t matter). Fasten with two 
rivets, bolts, or welds. The Southco 
Adjustable Pawl Fastener will fit 
your door frame, even when ma- 
terial gauge varies between units. 

Turn the knob. The first quarter 
turn latches the door. Now keep 
turning. You’re pulling the door 
tightly against its frame. You can 
compress a gasket, form a dust or 
moisture seal, overcome vibration. 

You'll save installation time and 
satisfy your customers with these 
rugged, attractive, pre-assembled 
fasteners. Ideal for heavy machines, 
electronic consoles, miniaturized 
units, cabinets, missiles, slide- 
mounted modules, etc. 
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RETAINING 
SPRINGS ANCHOR NUTS 
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ALTERNATE HEAD STYLES 








FASTENER 
HANDBOOK 


Send for your free copy of Southco 
Fastener Handbook. Gives engineering 
data on many fasteners. Write to 
Southco Division, South Chester Corpora- 
tion, 237 Industrial Highway, Lester, Pa. 
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Since 1888-WG'has matched the growth aims of American industry-and the needs of the Western 
world. Western is now.far more than a maker of gears. WG today stands for Western Growth...an 
organization that specializes in.meking-other companies grow, other projects succeed...a company 
backed by 72 pioneer years of expansion. in. the West. # Now isthe time to look into the proven 
capabilities of Western's six Divisions, as engineers, designers, manufacturers of components, 
complete systems and all types of electro-mechanical equipment, for 

service underseas, in the skies, and in all spheres of applied power and 

motion. # Western Growth can be your growth. It may well reward you 

to investigate.. Please address: Executive Offices, Western Gear 

Corporation, Box 182, 2600 Imperial Highway; Lynwood, California. E> @« 

MANAGEMENT 


PRO vers PRopucTs TS 
DIVISION DIVISION 


WES TERN GEAR CORPORATION ED CD ED 


. ie 
. ee DIVISION DIVISION DIVISION 


SEATTLE, WASHINGTON; BELMONT, LYNWOOD, PASADENA, CALIFORNIA; HOUSTON, TEXAS. OFFICES INvALL PRINCIPAL CITIES, 
Circle 251 on Page 19 
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Is your materials-handling equipment 
years ahead of your engineering design equipment? 


Save all the money you can with the latest materials- 
handling devices—but don’t overlook your drafting 
department, either! Professional draftsmen really 
deserve the latest equipment—it’s just good business 


« for you to see that they have it. 





Your draftsmen, your productivity, deserve 
new Hamilton space- and time-saving 
equipment from Dietzgen 


Top engineers or draftsmen do their very best work at peak 
etficiency—when they work with high-quality, professionally 
designed equipment. It’s a morale-boosting compliment to a 
good man to give him the best equipment. He feels better, 
works harder, makes fewer errors. And the genuine quality 
in each Hamilton unit will actually saye real money over the* 
years. Why not gain the plus benefits of modern styling at a 
modest investment—plus the better working atmosphere 
Hamilton units provide? Our planning engineers are as 
close as your phone! 


HAMILTON CL-100 TABLE Entirely new, canted-leg 
styling assures stability without side crossrails. Strata- 
Core board, with green linoleum surface, both sides steel 
edged; tilts 0° to 40°. Fully adjustable recessed footrest; 
steel reference, tool, and catalog drawers. Other fine 
features, superb styling in light Sahara Tan, satin-chrome 
hardware. 


Hamilton Auto-Shift Table 

Built-in mechanism adjusts board to in- 
dividual height and slope requirements, 
provides full accessibility, reduces errors. 


Hamilton L-Contour Table 
Prestige-assured, individualized work area 
providing complete board adiustment pius 
extra storage and reference area. 


Hamilton Unit System Files 
Provide full protection, accessibility, and 
classification for all materials to be filed. 
Occupy minimum floor space. 


Drafting-Printmaking Booklet 
reports new techniques for solving 
engineering and production problems 


DIETZGEN 


EVERYTHING FOR DRAFTING 
SURVEYING & PRINTMAKING 


This new 36 page booklet describes a 


wide variety of engineering and produc- 
tion problems that have been solved with 
advance techniques in drafting and print- 
making pioneered by Dietzgen. The con- 
cise, problem-solution approach suggests 
ways in which you may improve the effi- 
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ciency within your engineering depart- 
ment or eliminate production bottlenecks. 
Write today on your company letterhead 
for the Mechanics of Modern Miracles. 
Ask for Publication SPD2-A10. 

Eugene Dietzgen Co., Chicago 14, Illinois 


Circle 252 on Page 19 


PRINCIPAL OFFICES: CHICAGO SAN FRANCISCO 


NEW YORK - NEW ORLEANS - LOS ANGELES * CALGARY 
SALES OFFICES AND DEALERS IN ALL PRINCIPAL CITIES 


Circle 253 on Page 19—> 





When an impact press spawns a coffeemaker in 1/50 sec... 














¢ 


ALCOA ALUMINUM, 





When an impact 
press spawns a 


coffeemaker in 1/50 sec... 





Quicker than you can wink, an impact press can 
give birth to a gleaming coffeemaker body, a ribbed 
flashlight case or a sleek missile shell. In fact, almost 
any can- or tube-shaped part with one end closed 
can be churned out in %o to Yoo of a second... in 
one piece. 

The part can be round, oval, square or rectan- 
gular—even polygonal. Hollow or solid or both. 
With variable diameters up to a foot across. Having 
internal or external ribs, bosses, splines or flutes. As 
small as a thimble or chest-high. With the bottom as 
thick as you like, flanged, shaped like a cup or any 
other configuration. Finally, in any fantastically 


that’s Alcoa Total Ability at work! 


diverse combination of these. 

Alcoa, who introduced impacts to this country 
right after World War I, can tell you quite a lot 
about them. Which alloy to use (it may be a 
powder!), where to beef them up, and, of course, 
how to save money. 

Or perhaps your problem would be better solved 
by casting, forging or other fabricating techniques. 
In any case, Alcoa’s Total Ability will help you 
choose the most economical method. Tell us 
your needs. Simply get in touch with your nearest 
Alcoa sales office, or write Aluminum Company of 
America, 856-S Alcoa Building, Pittsburgh 19, Pa. 


;ALCOA ALUMINUM 


IMPACTS 








. Prototypes for coffeemaker bodies 


. Precision solid impact specialties 


. Special cross-sectional shapes 


. Double-walled can with external fins 


. Cigarette lighter bodies 


. Machining blank for missile piston 
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RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 





Technical-ities 
By Fred E. Graves 
Fastening of 
blind hole” joints 


Holes which don’t go all the 
way through a solid member 
must be tapped, of course. In 
shallow, small holes, in non- 
critical fastening, and in soft 
materials thread cutting screws 
work well and save time. 

But fastening large flanges, 
pressure plates, heads and the 
like to costly castings needs 
more precise production. These 
holes are 4” diameter and 
larger, affect design strength. 

THREAD EFFECTS 
Such holes are coarse threaded. 
The coarse threads develop 
more thread strength than do 
fine threads, also take fewer 
turns in assembly. Studs go 
into the holes with an interfer- 
ence thread fit; hex screws with 
a simpler clearance fit. 

Desirably, studs should all 
be driven to same depth and 
bottomed. Because of normal 
manufacturing differences, 
various mismatched high and 
Icw tolerances will cause studs 
to project unevenly. Assem- 
blers often have to juggle. No 
such problem exists with hex 
screws. You just tighten to 
specified preload. And there’s 
no double driving operation, as 
with stud plus nut. 


STRENGTH OF BLIND JOINTS 
Tapped holes behave like nuts. 
Their threads adjust elastically 
and plastically to distribute 
stress and develop high thread 
tension. Is this harmfui in re- 
peated disassemblies? Not at 
all. Hex screws have been in- 
stalled 50 times in cast iron 
test blocks, then tightened to 
failure without damage to 
tapped holes, 


<—Circle 253 on Page 19 


Clamps like a hex screw 
Grips like an anchor 
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Tensilock® screws offer you the 
ideal combination of high clamping 
force and high locking power. 

While a standard high strength 
hex screw can be tightened to a 
higher thread tension, its off-torque 
is less than its on-torque. 

ANCHORED IN PLACE 

The “Tensilock” screw features 
ratchet action teeth formed at an 
angle which will cut driving effort 
to permit you to utilize more of the 
full strength of screw. At equal 
driving torque, it not only develops 
90% of the strength of a high 
strength hex screw but also takes 
25% more torque to loosen than 
to tighten. 

Because of the flange’s concentric 
groove, it flexes, allows the screw to 
bear down solidly on its seat and 
develop a high level of thread ten- 
sion. At the same time the teeth 
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embed themselves, are aided in 
maintaining their grip by pressure 
of the spring-action flange. 

MAKES GOOD FRICTION-TYPE JOINT 
Clamping force from Tensilock fas- 
teners is sufficient to prevent slip- 
page of fastened members where 
holes are oversize or eccentric. Grip 
of the teeth keeps fasteners tight 
under conditions of vibration or 
cyclic temperature changes. RB&W 
“Tensilock” Nuts also 
available. Write for 
Bulletin TL-2. Rus- 
sell, Burdsall & Ward 
Bolt and Nut Com- 
pany, Port Chester, 

New York. 

R) Registered and Patented 

Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, Ill; los Angeles, Calif. Additional 


soles offices at: Ardmore (Phila.), Pa., Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco 
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Malleable Puts More Muscle in Machinery 


In the agricultural equipment field, reputations depend on building 
products that can take rough treatment... and give real value. To do 
it, agricultural equipment manufacturers rely heavily on Malleable 
iron castings. 

Malleable’s excellent ductility and shock resistance mean longer life 
and fewer problems than obtainable with fabrications. Low start-up 
cost for small quantities also is vitally important in this competitive 
industry. 

Put more reputation-building quality into your products at less cost 
with Malleable. For design assistance or quotations, call any company 
that displays this symbol 


ferritic and peartiig® 
able front axle ba . : 
hinges, foot pedals, 


PROBLEM-SOLVING IDEAS 
are yours free in Data 
Unit No.115. For your 
copy, ask any member 
of the Malleable Cast- 
ings Council, or write 
to Malleable Castings 
Council, Union Com- 
merce Building, Cleve- 
land 14, Ohio. 





No machining or hardening 
is required on this Malle- 
able chain sprocket. It re- 
places a part cut from steel 
plate to which a hub was 


welded. Cost was reduced _ Field failures stopped as soon as the manu- 
12%. Tests verified the ex- facturer of this plow quadrant began using 
cellent performance of the a Malleable casting in place of a welded 
malleable part, and led to fabrication. This part looks better, works 
a review of the company’s _ better, and quality is uniform in every piece. 
entire manufacture of chain Yet the Malleable quadrant costs 22% less 
sprockets. than the fabrication. 


The strength of Malleable is illustrated by 
farm tractor rear axle housings. They must 
absorb the constant shock and strain exerted 
as heavy implements are dragged over rough 
fields. Toughness, ease of machining and econ- 
omy make Malleable first choice for this 
demanding application. 


Costs dropped 59% when 
this disc harrow ram an- 
chor was converted from 
a weldment to a Malle- 
able casting. Malleable’s 
shock resistance com- 
bined with a better design 
resulted in a part able 
to withstand constant 
punishment. 
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For 
Quality 
and 
Economy 
Use 


MALLEABLE 


For Service Contact... 
CONNECTICUT 

Connecticut Mall. Castings Co., New Haven 6 
Eastern Malleable Iron Co., Naugatuck 
DELAWARE 

Eastern Malleable Iron Co., Wilmington 99 
ILLINOIS 


Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Iron Works, Moline 

Moline Malleable tron Co., St. Charles 

National Mall. and Steel Castings Co., Cicero 50 
Peoria Malleable Castings Co., Peoria 1 

Wagner Castings Company, Decatur 
INDIANA 


Albion Malleable Iron Company, 

Muncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mail. & Steel Castings Co., Indianapolis 22 
IOWA 


lowa Malleable Iron Co., Fairfield 
MASSACHUSETTS 

Belcher Malleable Iron Co., Easton 
MICHIGAN 

Albion Malleable tron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable Iron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 
MINNESOTA 

Northern Malleable Iron Co., St. Paul 6 
MISSISSIPPI 

Mississippi Malleable tron Co., Meridian 
NEW HAMPSHIRE 

Laconia Malleable Iron Co., Laconia 
NEW YORK 


Acme Steel & Mall. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

Eastern Malleable Iron Co., Solvoy 
Oriskany Malleable Iron Co., Inc., Oriskany 
Westmoreland Mall. Iron Co., Westmoreland 
OHIO 


American Malleable Castings Co., Marion 

Central Fdry. Div., Gen. Motors, Defiance 

Dayton Mail. tron Co., Ironton Div., Ironton 

Dayton Mall. Iron Co., Ohio Mall. Div., Columbus 16 
National Mall. anc Steel Castings Co., Cleveland 6 
PENNSYLVANIA 


Buck Iron Company, Inc., Philadelphia 22 
Erie Malleable Iron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malleable Iron Co., Meadville 
Pennsylvania Malleable Iron Corp., Lancaster 


TEXAS 

Texas Foundries, Inc., Lufkin 

WEST VIRGINIA 

West Virginia Mall. lron Co., Point Pleasant 
WISCONSIN 

Belle City Malleable fron Co.. Racine 

Chain Belt Company, Mi vaukee 1 

Federal Malleable Cc :apary. inc., West Allis 14 
Kirsh Foundry Inc., “eave: Cam 

Lakeside Malleabl« vastings Co., Racine 
Milwaukee Malieab'» * Grey Iron Works, Milwaukee 46 


These cor panies are members 
of the Mallea-ie Castings Council 








3% inch 1.D. Anaconda flexible metal hose lines are shown here transferring liquid oxygen to Army missile. Brazed metal hose-to- 


fitting connections are made with Handy & Harman brazing alloys. 
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Handy & Harman Brazed Connections Withstand 
Thermal Shock From Liquid Oxygen...Time After Time 


It is hard to think of a single more punishing test for a metal joint than the nearly instantaneous plunge from 
approximately 100° F to —297.4° F experienced by these brazed metal hose connections, Yet they take it time and 
again — and come back for more. 

This is part of an assembly employing Type 321 stainless steel flexible hose made by Anaconda Metal Hose to 
transfer liquid oxygen to Jupiter missiles at the Redstone Arsenal. Fittings are stainless steel, integrally bonded 
to the hose by Handy & Harman brazing alloys—EASY-FLO and EASY-FLO 35 with Handy Flux. The reasons 
for using Handy & Harman brazing alloys here make good fabricating sense no matter what the job. First, they 
provide strong, integral joints that remain strong, ductile and resistant to vibration and shock even to liquid 
oxygen temperatures and pressures where many metals become brittle. Secondly, they allowed Anaconda to 
increase burst pressure limits since there is no annealing of the base metal. In addition, they make it possible for 
Anaconda to perform joining operations with less equipment and less expense Your No. 1 Source of Supply and 

a ': J Authority on Precious Metal Alloys 
in manpower than would otherwise be necessary. 

This is only one example of many applications of Handy & Harman brazing 

products in cryogenics and other fields of engineering to solve critical bonding 

problems which achieve fast production and operating economies. There’s a 

good chance they will do the same for you. Call or write for further informa- 

tion on how to apply brazing techniques to solve your fabricating problems. 

Our Bulletin 20 contains a wealth of data on silver brazing, its range of applicae HANDY & HARMAN 
tions and techniques for securing best results. Write today for your copy. 850 Third Ave. New York 22, N. Y. 
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INSIDE or OUT there is only one... 


SEALIMASTER 








AVAILABLE 
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AVAILABLE IN QUALITY UNITS TO MEET EVERY REQUIREMENT 
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SEALMASTER BEARINGS A Division of STEPHENS-ADAMSON MFG. CO., 18 Ridgeway Avenue, Aurora, Illinois 
PLANTS IN: LOS ANGELES, CALIFORNIA @ CLARKSDALE, MISSISSIPPI @ BELLEVILLE, ONTARIO @® MEXICO CITY, D. F. 
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... Bonds “strong as a bull 


Whatever materials you’re bonding (to the 
same or to another material), a SCOTCH- 
WELD Brand Structural Adhesive bond 
will give you a bonus of structural strength 
at the ioint, with the flexibility to resist 
vibrational fatigue. SCOTCH-WELD adhesive 
onds distribute stress loads uniformly, 
and protect the strength and integrity of 
the materials by eliminating fastening 
holes, maintaining the finish, and sealing 
joimts against corrosion. 

Fatigue tests show that metal-to-metal 
joints in Convair’s 880 jet transports and 
Air Force F-102A jet interceptors, bonded 
with SCOTCH-WELD adhesives, will outlast 
the metal structure they bond together! 
In industry, too, SCOTCH-WELD adhesives 
are finding use in joining hermetically 
sealed metal shipping containers, multiple 
piece castings and thinner gauge metals, 


Sculpture created especially for 3M Company by Guy Palazzola 


STRENGTH 


rhinoceros” made with SCOTCH-WELD® 


Brand Structural Adhesives 


where tear strength would limit the effec- 
tiveness of other joining methods. 


Look first to 3M! A pioneer in adhesive 
research, 3M has developed the widest line 
of adhesives in the industry. These Tech- 
nical Service facilities are at your disposal. 
For an accurate appraisal of how an ad- 
hesive can add strength, light weight, 
production economy, and greater design 
freedom to your process or product, call 
your nearest 3M Field Engineer or write to: 
AC&S Division, 3M Company, Depart- 
ment SBR-51, St. Paul 6, Minnesota. 
3M Co., 1961 


“SCOTCH-WELD” is a Reg. T.M. of 3M Co 








What do you want to bond to what? 
The 3M Rhino is fabricated of these 
materia's and bonded with SCOTCH- 
WELD Brand Structural Adhesives: 

1. Wood 2. Aluminum 3. Glass 4. Ceramic 
5. Plastic 6. Permanent Magnet 7. Brass 
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Something NEW... 


designed for your convenience 





TIME DELAY 


Limit Switch 
Bulletin 802T 











at 
ee 





TIME DELAY 


Push Button 


Bulletin 800T 








Adjustable From 1 to 15 Seconds 


This new Allen-Bradley development should solve 
such occasional provlems where, upon the operation 
of the push button or limit switch, a slight time delay 
should occur. Time delay is adjustable up to 15 
seconds—and it can also be introduced when “‘stop- 
ping” the operation—but not in both the “starting” 
and “‘stopping”’ cycle. 

Both push button and limit switch are relatively 
low in cost—ideal for applications where a delay of 
only a few seconds is desired, and where the repeti- 


13-61-R 


ALLEN- -BRADLEY 


NEMA 
1 4 


tive accuracy of the Allen-Bradley Bulletin 849 time 
delay relay is not necessary. Both units have single 
pole, double break contacts—either normally open 
or normally closed. They are no more difficult to in- 
stall than the corresponding units without the time 
delay feature. 

Machine tool and production system designers 
should have full information in their files on these 
new Allen-Bradley time delay push buttons and limit 
switches. It is yours for the asking. Write today. 


QUALITY 
MOTOR 
CONTROL 





ALLEN-BRADLEY BULLETIN 1492 
SNAP-ON TERMINAL BLOCKS 


Save space 


You can have up to 29 blocks per foot JG 


as 


STYLE CA 
FUSE CLIPS 


Easy-to-read marking 
strip accepts writing 


Snap type lock 
permits quick 


assembly.. 
STYLE CA 


or engraving. 
for wire sizes 


STYLE CB reve 
- — sizes 
14 to 8. 


Press-to-lock end : j fe eo ; Fuse blocks for pilot 
clamp—results in f . ; / on ce circuits. For fuse ratings 
neat, flush end “ «< yy up to 15 amp, 125 v, 
mounting. Y , 


Barrel type terminals on 
blocks for wire sizes 12 to 4, 


All terminal blocks—in any size 
—fit on the same mounting strip. 


Here’s a completely new idea in terminal blocks—a compact design that 
allows more blocks per foot. On-the-job assembly is simple—just press 
the nylon blocks onto the metal mounting strip and they automatically 
} lock themselves securely in place. Another exclusive feature —individual 
| se Bee type units can be easily removed from anywhere in the strip . . . and replaced 
Screw type . .. without sliding all blocks off the end of the mounting strip. Plug-in 
peg — end barriers are available for each block size. With mounting holes 
wire sizes 14 to 8. provided in the strip at each terminal block, a long assembly can be so 
securely fastened that there will be no ‘“‘give’’ to the entire line. 
Mounting hole Mounting strips for these new terminal blocks are furnished in six- 
+t ape foot lengths, which can be broken to any desired size. Each six-foot 
anchors needed. strip mounts 175, Style CA blocks, and is furnished in this length 
/ completely assembled. Ali components used in the assembly of these 
Scored mounting strip terminal blocks are available as individual units, sold in standard 
can easily be broken off package quantities. Please write today for more complete information on 


—without tools—at an we ea e : 
desired length. F these new ‘‘spacesaving”’ Bulletin 1492 terminal blocks. 


13-€1-RM 


-ALLEN-BRADLEY 3u42” 


oe CONTROL 


Allen-Bradley Co., 1316 S. Second St., Milwaukee # Wis. «In Canada: Allen-Bradley Canada Ltd., Galt, Ont 














Flying workhorse airlifts 80-foot power tower 


Nickel in alloy steels gives ‘copter 
transmissions extra strength for the 
soughest jobs 


This Sikorsky S-58 is carrying a prefab- 
ricated tower to a power line construc- 
tion project near Lynchburg, Virginia. 
After setting the towers in place, the 
‘copter saves time and money by help- 
ing to string wire from tower to tower. 

Again, these flying workhorses prove 
they can handle the roughest assign- 
ments. But pilots don’t want superla- 
tives or guarantees. They want to know 
without doubt that critical parts will do 
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their job. That’s one big reason why 
nickel is alloyed into the S-58’s trans- 
mission shafts and gears. 


Nickel helps steel take the tremen- 
dous bending and twisting of a ’copter’s 
drive shaft under powerful shock loads 
and unusual conditions. 


Strength and toughness are only two 
properties that nickel imparts to alloys. 
It can help them withstand the intense 


heat generated by supersonic flight... 
or shrug off the intense cold of liquid 
helium. It also offers outstanding corro- 
sion resistance. 

When you have a metal problem, 
don’t hesitate to call us. Nickel or one 
of its alloys may provide the answer. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street ankeo, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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Design of variable volume 


AXIAL PISTON = 
HYDRAULIC PUMPS <= 


for systems 
up to 5000 psi 


é.. ee 
er Bs 


LOCKING LEVER 


PISTON 
AND 
SHOE 
ASSEMBLY 


CYLINDER BARREL 
BEARINGS 
SHAFT SEAL 


ADJUSTING KNOB 
PISTON 


INDEX PLATE 
CREEP PLATE 


HANGER 


_~”_TRUNNION 


HANGER HOUSING 


| 


PORT FLANGE MINIMUM 


DELIVERY 
LIMIT STOP 
ADJUSTMENT 
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By: Ellis H. Born 

Director of Sales-Engineering 

Denison Engineering Division 

American Brake Shoe Co. 

Columbus, Ohio 
With today’s ever-increasing require- 
ments in the transmission of higher 
horsepower, the designer must look 
to hydraulic components that will 
give the greatest transmission effi- 
ciency with the lowest possible cost 
and the smallest possible package. 
With smaller, lighter, more power- 
ful equipment—operating pressures 
of 2000, 3000 and 5000 psi are 
becoming commonplace. To meet 
the needs of higher pressures with 
a high degree of reliability, axial 
piston pumps and motors of proper 
design should be considered. 

For 5000 psi requirements, the 

axial piston pump (illustrated) is a 


HANDWHEEL CONTROL 


+.. with locking device for accurate 
manual pump volume regulation. 


STEM CONTROL 


++. provides mechanical linkage to the 
driven equipment. 


HYDRAULIC CYLINDER CONTROL 


..-Similar to stem control, except 
volume is hydraulically regulated. 
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logical choice. It operates on the 
principle of a series of pistons in a 
common barrel that progressively 
draw oil into the barrel on the 
suction stroke and force oil from 
the barrel into the line on the dis- 
charge stroke. 

With this simple axial piston 
design, direct and unrestricted flow 
into the pumping assembly is pos- 
sible, eliminating the need for the 
large flow areas used and the moving 
seals which, in turn, eliminates main- 
tenance. Direct flow path further 
insures good suction characteristics 
—a highly desirable operating advan- 
tage for obtaining efficient hydrau- 
lic performance. 

The port plate of the Denison 
pump is designed as an axial hydro- 
static bearing which balances out the 
thrust of the cylinder barrel, leaving 


ELECTRIC MOTOR CONTROL 
... adjusts pump volume to desired 
level. Integral brake in gear-head 
motor eliminates over-travel. 


PRESSURE COMPENSATOR CONTROL 


... affords automatic regulation of 
pump volume to meet preset pressure 
demands. 


ELECTRO-HYDRAULIC CONTROL 


... utilizes sensitive, system error- 
detecting unit which energizes hy- 
Graulic volume control piston. 
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only sufficient force to create a posi- 
tive seal contact between the cylinder 
port plate and the cylinder barrel. 
Because of reduced thrust, wear on 
mating surfaces is decreased and 
pump life is greatly extended at all 
pressures up to 5000 psi. 

Where variable volume is required, 
it is logically desirable (for efficiency, 
simplicity and low maintenance) to 
eliminate the need for varying the 
position or angle of the cylinder 
barrel to regulate volume. In the 
Denison axial piston pump, output 
up to 125 gpm is simply regulated 
by varying cam plate angle. Zero 
to full flow or flow reversal is regu- 
lated by handwheel, hydraulic 
cylinder, stem, electric motor, com- 
pensator or electrohydraulically. 

In the Denison design, the line of 
action of the combined radial load 
of all pistons is through the roller 
bearing supporting the cylinder 
barrel. The use of a large bearing 
provides non-deflecting support for 
these radial forces. Asa result, 
unbalanced or twisting offset that 
would tend to unseat the cylinder 
barrel from the port plate is elimi- 
nated. A continuous, effective seal- 
ing action of the barrel against the 
port plate is maintained to promote 
high pumping efficiency. 

Piston and shoe assembly design 
also reduces by one-half the number 
of ball and socket couplings found 
in other types of axial piston pump 
construction. The shoes hydrauli- 
cally balance out all piston thrust, 
eliminating need for thrust bearings. 

Data and specifications on 5000 psi 
pumps, motors and controls are avail- 
able from your Denison representa- 
tive—located in principal cities—to 
assist you in developing hydraulic 
systems for maximum efficiency 
and economy. 


NEW CATALOG 
FOR DESIGNERS 
AND ENGINEERS 


Write for your 

copy of Bulletin 

220 —“Hydraulic 

power to 5000 psi”. 

Includes complete specifications, 
operating data and applications for 
Denison’s full line of hydraulic 
pumps, motors and controls. 


DENISON ENGINEERING 
DIVISION 
American Brake Shoe Co. 
1240 Dublin Road + Columbus 16, Ohio 





Practical approach to compactness 
is demonstrated by this flame 
retardant, interphase insulating barrier 
for magnetic air circuit breakers. 
When the equipment was designed, 
CDF utilized its extensive knowledge 
of adhesives and post-forming 

to provide the barriers from a flame 
retardant, paper base phenolic 
laminate. 


Result: two pieces bonded together 
to provide three channels in one unit, 
reducing size and cost, yet 
maintaining effective electrical 
insulating properties. 


A few facts on the laminate: 
Flame resistance: ASTM D-635 
... self extinguishing 
Water absorption, % 
Flexural strength, psi 
Specific gravity 
Dielectric strength, parallel, kv... 40 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE * A SUBSIDIARY OF THE -Mfahf COMPANY 


80 Please Girect inquiries to advertiser, mentioning MACHINE DESIGN MacHINE DesIGN 








easily removed 
belt guard 


rectifier unit e. 
for fue ld ; 
excitation “i weatherized’’ R&eM 


drive motor 


motor 
starter 
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high-frequency heavy welded sliding base 
alternator > steel base for easy belt 
adjustment 


360 to 3300 cycles 


R&M package high cycle generators ; 
provide dependable current beyond ne frequency 
the practical range of frequency con- = converters 
verters. Rugged revolving field con- 120 to 420 
struction is used in ratings of 1500 cycles and lower. 
Ratings above 1500 cycles are brushless inductor design. cycles 
Excitation of DC alternator field is provided by simple : - 
silicon rectifiers, protected against short circuits by time- br 
delay fuses. For changing output frequency, R&M can 


furnish variable pitch pulleys or variable speed drives. 
R&M’s low-cost frequency converters make 220 volt-3 
phase-120 through 420 cycle power available from 60 
cycle supply .. . rated 2’2KW (horizontal construction) 
5, 7% and 10KW (vertical). 


Write today for bulletin 515A-MD! 3 ; 
ROBBINS & MYERS, INC., Springtieid, onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 


Propellair, Industrial Fans * R &M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontorio. 
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Save on any size rings with Amweld 


Amweld makes flash butt-welded rings in di- 
ameters of four inches to eight feet and offers ring customers 
a sizable cost reduction in every case. Amweld rings save 
on metal, because rings are formed to or near finished di- 
mensions. Amweld rings save on machining, because the 
metal is left out—not hogged out. Important to you, Amweld 
can flash weld rings from almost any metal alloy, common 
or exotic. 


Savings to ail Amweld customers totaled over 
one million dollars last year. One Amweld customer 
saves by using Amweld rings as gear blanks. Another saves 
by using Amweld rings as tank flanges. A third saves on rings 
for jet engine applications. It doesn’t cost a thing to think 
on paper with Amweld. So let us quote you for your cost 
comparison. Write today: The American Welding & Manu- 
facturing Co., 901 Dietz’ Road, Warren, Ohio. 


NDUSTRIAL PRODUCTS 


‘AMWELD 


THE AMERICAN WELDING & MANUFACTURING CO., WARREN, OHIO 
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MOYNO solves tough pumping problems! 


Moyno’s “progressing cavities” successfully 
handle thin watery slurries, non-pourable abrasives, 
gnawing corrosives or suspended solids up to 1%” 
dia.—without crushing, foaming or aerating! Material 
contacts only ie moving part, a screw-like rotor re- 
volving in a double-threaded stator. Where corrosives 
or abrasives are to be handled, rotor and stator are 
made of special resistant materials that minimize main- Moyno’s unique pumping principle%..as the 
tenance and prolong pump life. Many materials now hand turns the rotor . . . flow is right to left. 
pumped by Moyno were once considered “unpump- 
able” . . . had run up prohibitive maintenance costs 
on other type pumps or ruined them completely! 
Moyno pumps are available in capacities to 500 gpm; 
pressures to 1000 psi. Learn more . . . write today for 
new Bulletin 100-MD! 


ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R &M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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| Another pump problem . . . solved by TUTHILL 








TUTHILL PUMPS For Hydraulics, 
Lubrication in New Cincinnati 


Hydrashift Lathes 


maintenance. Their compactness solves design 
problems . . . for example the Model RFD above 
measures only 414” by 214” by 315%” including 
shaft. Moderate prices and immediate availability 
from stock minimize inventory problems, result 
in significant savings. 


Cincinnati’s new Hydrashift lathes use hydraulic 
power instead of muscle for spindle speed shift- 
ing. Entirely new from headstock to tailstock, 
these dependable units reflect in every way the 
quality and reliability long associated with this 
leading machine tool manufacturer. 

Cincinnati selected Tuthill pumps for two vital 
assignments . . . to provide hydraulic power for 
Hydrashift preselective speed shifting . . . and 
for positive pressure lubrication of the entire 
unit. Minor modifications of a standard Tuthill 
cartridge pump, Series RFD, enable it to meet 
the requirements of both applications . . . pro- 
viding interchangeability and allowing incorpo- 
ration of both units with the greatest possible 
ease on Cincinnati’s assembly line. 


Wide Selection Available From Stock 
Tuthill’s versatile and dependable cartridge 
pumps have been used for hundreds of applica- 
tions . . . both as OEM components and for 


Tuthill manufactures a complete MEET 
line of positive displacement ro- . 
tary pumps in capacities from 1 
to 200 gpm; for pressures to 
1500 psi; speeds to 3600 rpm. 


Cartridge pumps can be supplied for capacities 
from 55 to 360 gph at 1800 rpm. They are avail- 
able with or without Tuthill’s special reversing 
feature which allows them to be driven from re- 
versing shaft or for nondirectional service. They 
may be supplied with internal or external porting 

. . or with variations of both. Three different 
standard shaft modifications are offered and many 
more are available. 


Send today for Catalog 100 which gives com- 
plete details . . . or send information on your 
particular application so Tuthill’s engineers can 
indicate ways in which a Tuthill pump can save 
you money. 


TUTHILL PUMP COMPANY 


953 East 95th Street, Chicago 19, Illinois 
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Hose lined with TEFLON solves problems of 
pressure, temperature, corrosion, limited space 


Can You Afford Not 
to Use TEFLON® ? 


Constructions of hose lined with TEFLON 
are your logical and most economical 
choice whenever severe environmental 
conditions are encounted, AND whenever 
you want— 


. functional reliability and greatly in- 
creased service life 


. reduced costs of replacement, main- 
tenance and downtime 


. greater standardization with reduced 
inventories 


. the competitive advantage of quality 
and dependability 


If any of these considerations are impor- 
tant to your design, the choice of any 
other kind of hose might well be wasteful. 


Hoses lined with Du Pont TEFLON TFE fluorocarbon resins are em- 
ployed throughout a new commercial cargo plane to insure the utmost 
reliability under exacting service conditions. Shown above are hose 
lines to the hydraulic anti-skid brake system, operating at 1,750 psi 
and in the presence of corrosive fluids. In addition to these fluid 
power lines, other hoses lined with TEFLON handle oils and fuels at 
temperatures to 200°F. and pressures up to 3,000 psi. 


In a wide variety of industrial designs, hose lined with TEFLON is 
providing complete resistance to virtually all chemicals encountered 

. exceptional durability under continuous flexing, including torque 
stress and vibration . . . and making possible space savings by the 
use of smaller outside-diameter hose. 


New constructions include fiber reinforcements, elastomeric cover- 
ings, convoluted tubing and a variety of industrial couplings. For 
more details, consult your hose supplier, or write to: E. |. du Pont 
de Nemours & Co. (Inc.), Dept. MD-525, Room 2526T, Nemours Bldg., 
Wilmington 98, Del. In Canada: Du Pont of Canada Ltd., P. O. 
Box 660, Montreal, Que. 


TEFLON is Du Pont’s registered trademark for its family of 
fluorocarbon resins, including TFE (tetrafluoroethylene) 


TEFLON 


FLUOROCARBON RESINS 


resins and FEP ( fluorinated ethylene propylene) resins. 


WUPOND 


SETTER THINGS FOR BETTER LLivinG THROUGH CHEMISTRY 
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Con TROL 


New! The most 
reliable limit switch 
ever developed 


(from Cutler-Hammer, of course) 


Limit switch failures Cause more pro- 


duction down time than any other elec- 
trical component. Suddenly this problem 
has been greatly reduced by the new 
Cutler-Hammer oiltight limit switch. 
Under test conditions much tougher 
than in actual production, it lasted far 
longer than any other limit switch. 


It fits almost anywhere and in any 
position. A simple field adjustment 
changes switch operation to close the 
contacts by lever motion that is clock- 
wise, counterclockwise, or both. And, 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Division: Airborne Instruments Laboratory + Subsidiary: Cutler- 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A. 


Cutler-Hammer Inc., Milwaukee, Wisconsin «+ 
Hammer international, C. A. 


no other switch is sealed more effec- 
tively. Even the silver-to-silver contacts 
are visible for quick inspection. Send for 
Pub. ED143-J243 now for full details. 


What's new at Cutler-Hammer? 
We’re planning ahead—with new, better 
products, like the limit switch. We’ve 
added plant capacity, new engineering 
talent and our new trademark sym- 
bolizes our new capabilities to help you 
plan ahead. Call the nearest Cutler- 
Hammer sales office or distributor to 
see how we can fit into your team. 


| | 
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T-MARK ENGINEERED SPECIALS 


TIME SAVING was the benefit when 
this Tinnerman Harness Clamp was 
used to fasten wire bundles to an air- 
craft structure. Inset shows safe, 
interlocking tongue and slot that 
can’t spring open accidentally, yet 
opens readily for servicing without 
removing clamp from bulkhead. 





A T-Marked SPEED Nur Brand Fastener... ptosis lay tings 


from a switch to Tinnerman Hose 
Clamps in this oil changer. One-piece 


® 
SPEED CLAMPS" go on fast, = | Ste Cuunrs ate casy to apply. 
Savings in time and labor are sub- 


trim weight and parts handling = | scat, esiss.rce nt 








Attachment of tubing is fast and simple with vibration-proof 
Tinnerman SPEED CLAMPS. They are available in a wide range 
of sizes and types, with or without attached SPEED NUTs or 
neoprene flame-resistant cushions. They make firm, secure 
attachments and allow substantial savings in weight, assembly 
time and costs. 

The complete line of Tinnerman SPEED CLAMPs includes 
hose clamps, tube clamps, harness clamps, and an assortment 
of special types to meet various requirements. 


When buying clamps or spring-steel fasteners, look for the 
T-mark...your assurance that you’re putting Tinnerman quality GREATER RELIABILITY is attained by 


and total reliability into your products. For samples, litera- | television manufacturers with Tinner- 
y y P _ man Deflection Yoke Clamps. They 


ture, prices call your local Tinnerman Sales Office . . . listed in eliminate the problem of misalign- 
the “Yellow Pages” under “Fasteners.” Or write to: Tinnerman | mentand broken connectionsresulting 

# from rough handling, cushion the tube 
Products, Inc., Department 12, Box 6688, Cleveland 1, Ohio. assembly under live spring tension. 











CANADA: Dominion Fasteners Ltd., Hamilton, Ontario. 

GREAT BRITAIN: Simmonds Aerocessories Ltd., Tre- 

forest, Wales. FRANCE: Simmonds S.A., 3 rue Salomon 

de Rothschild, Suresnes (Seine). GERMANY: Mecano 
Simmonds GMBH, Heidelberg. 
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This mark tells you a product g 
is made of modern, dependable Steel. a 


Portrait of a portent weld Magnification—100X; Etch-Picral Nital 
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In this photomicrograph of a section of USS National 
Electric Resistance Welded Steel Mechanical Tub- 
ing the weld section runs right down through the 
center of the picture above the arrow. The consist- 
ency of structure between the weld area and the 
rest of the tube shows that USS National Welded 
Mechanical Tubing has an important attribute— 
dependability. 

Mechanical tubing must be flawless. It’s used in 
so many critical applications that demand utmost 
strength, excellent surface inside or outside and ex- 
treme dimensional accuracy. National Tube’s pro- 
duction methods assure this high quality. 

Important advantages of USS National Welded 
Mechanical Tubing are its ability to reduce machin- 
ing operations to a minimum or eliminate them 
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entirely. For a given weight, it withstands more load 
than any other section. It resists bending stresses 
equaily in all directions. In torsion, it provides 
maximum material distribution. 

USS National Welded Mechanical Tubing is avail- 
able in cold-drawn or hot-rolled sizes #4” thru 54” 
and in wall thickness .035” to .250”. All sizes can be 
obtained from National Tube Distributors iocated 
throughout the country. They will gladly show how 
tubing can reduce your costs. See your USS National 
Tube Distributor. 


USS and National are registered trademarks 


National Tube 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors » United States Steel Supply Division * United States Steel Export Company, New York 
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YOU CAN’T SEE 
THE OVERLOAD 
PROTECTOR 

ON THIS 
POLYPHASE 
MOTOR 


BUT IT’S 


Tough yet lightweight aluminum means ‘ower 
shipping costs, easier assembly line handling, 
lower production costs. 
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Comes pre-wired to your specifications. Han- 
diest terminal board design ever—just connect 
three line leads .. . that’s all! 


ee ee 


Burly bearing system keeps grease in the bear- 
ing for longer motor life. Bearings are pre- 
packed and double-shielded. 


nae . : Re 


The new Franklin integral is the only polyphase motor (1 to 71/2 hp) designed 
with a built-in space for inherent protective devices. Complete motor protection, 
even under locked rotor conditions! 


FRANKLIN—THE ONLY POLYPHASE MOTOR WITH 
A BUILT-IN SPACE FOR INHERENT PROTECTOR. 


Inside the Franklin conduit box is a common sense idea that 
every engineer will appreciate. This is the only polyphase motor 
with built-in space for protector devices. Because this one built-in 
device protects against all motor burnout possibilities, even un- 
der locked rotor conditions, this new motor can be completely 
protected at far lower cost than ordinary motors. 

The protector comes pre-installed, in exactly the right size 
to protect the motor under the most adverse conditions. Saves 
you time and money. Another point. The motor’s appearance 
stays streamlined, because protectors stay where they belong 
— inside. Write for a free color brochure on the new Franklin 
integral motor. 


Franklin Electric Co., Inc. 


BLUFFTON, INDIANA 
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Need a better drive 
for a machine? 




















CONVENTIONAL DRIVE 


—— 


Ask your local Gates Engineer to show how 
Super HC Drives save space, weight, money 


If you are designing a new machine or redesigning one for 
better performance, your local Gates Field Engineer will be 
glad to help you. He can show you how to take full advan- 
tage of the many opportunities offered by Gates Super HC 
High Capacity Drives. 

Ask him to design a drive for your machine two ways: 
A conventional V-belt drive and a new Gates Super HC 
High Capacity V-Belt Drive. A quick comparison will show 
you many of the important savings provided by the new 
Gates drive. 

Manufacturers everywhere have standardized upon the 
Gates Super HC V-Belt Drive—industry’s first and most ad- 
vanced high capacity drive. It is your best assurance that 
your power transmission unit will not soon become obsolete. 

Your local Gates Field Engineer is an experienced, fully- 
qualified drive design expert. Contact him for drive design help. 


The Gates Rubber Company, Denver, Colorado 


BP-13 


Gates Super Hl V-Belt Drive 


May 25, 1961 
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Gates Super HC Drives 
give you these benefits: 


Handles up to 3 times more hp than 
conventional V-belts in same space. 


Saves up to 50% in drive space. 
Reduces drive weight 20% and more. 
Cuts drive costs as much as 20%. 


Reduces bearing load, increasing 
bearing life. 


Guards can be lier, lighter weig 


Belt speed up to 6000 ft/min possible 
without dynamic balancing. 


Less costly, higher speed motors can 
often be used. 


ne 





Exclusive design features 
include: precisely engineered 
arched top, concave sidewalls, 
Flex-Weave cover, super strength 
tensile construction. 


Building the future on 
50 years of progress 
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NEYCOMB 


DESIGNERS’ CHOICE: Materials for 
HONEYCOMB SANDWICH STRUCTURES 


Honeycomb sandwich structures are com- 
posed of thin, high strength facings integ- 
rally bonded to light weight core material. 
The selection of materials to be used in such 
a structure is of primary importance in arriv- 
ing at a satisfactory design providing opti- 
mum performance. 

Figure | illustrates the three primary parts 
of this composite structure 

Face sheet 


Adhesive | 
impregnated 
scrim cloth '§ 


Fabricated 
sandwich 
panel 


Facing Selection 


Generally the facings in a sandwich struc- 
ture are selected in order to provide the 
highest compressive strength-to-weight ratio 
economically available in the size range un- 
der consideration. Examples of facings on 
successful sandwich applications are carbon 
steel in thicknesses of .030 to .050 for heavy 
duty flooring applications; aluminum alloy 
7075 T6 in thicknesses of .010 to .093 for 
flooring and highly stressed panel applica- 
tions, and porcelain enamel steel in 14 to 24 
gauge for exterior curtain wall applications. 
Other special applications have dictated the 


INFORMATION REQUEST 


Send to Hexcel Products Inc. Dept. 5-C 
2332 Fourth Street, Berkeley 10, California. 
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use of high temperature reinforced fiber 
glass-plastic skins, stainless steel skins, ce- 
ment asbestos board skins and similar mate- 
rials. In every case, the facing selection must 
meet the multiple criteria of economy, struc- 
tural efficiency, and process compatibility. 


Adhesive Selection 

There are now available to designers a num- 
ber of adhesive systems for attaching honey- 
comb core materials to high strength facings. 
Most high strength structural adhesives are 
based on various combinations of thermo- 
setting resins which provide structural integ- 
rity throughout the environmental conditions 
encountered. For lightly loaded panels sub- 
ject to. less exacting environmental condi- 
tions there are a number of adhesives based 
on thermoplastic or elastomeric resins, some 
of which permit very economical sandwich 
fabrication. 


Honeycomb Core Selection 


Core materials are selected on the basis of 
structural performance, environmental re- 
quirements, and economy. 


APPROXIMATE COST—VARIOUS HONEYCOMB CORE 
MATERIALS ($ Per Cubic Foot) 
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It can be seen that the cost of honeycomb 
core materials varies considerably. It should 
not be inferred, however, that the perform- 
ance of a particular core is measured by its 


sched aso pill 


cost. Figure 3 indicates the specific strength 
of the same honeycomb core materials illus- 
trating the differences in load carrying ability. 
400 
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Stainless 


With proper selection of facing, adhesives 
and honeycomb core, the designer can achieve 
optimum structural performance with mini- 
mum weight. For example, a beam of steel 
plate weighing 68.6 lbs. can be replaced by 
a structural honeycomb sandwich beam of 
7.8 lbs. with the same deflection and strength. 


The design opportunities for honeycomb 
sandwich structures are apparent. 





Since World War II designers of air o: 
space craft have made ever-increasing us 
of honeycomb in a great variety of structural 
and non-structural applications. Honeycomb 
can be made from almost any material avail- 
able in continuous web or roll form, e.g., 
aluminum, glass fabric, cotton, stainless steel, 
paper, asbestos, titanium. In its cellular con- 
figuration, honeycomb is 97% air, 3% ma- 
terial. 


Honeycomb has intrinsic qualities of high 
strength, light weight, high ratio of surface 
area to volume and other specific properties 
which depend upon the type of material 
used. These combinations of properties, which 
have given honeycomb wide application in 
air and space craft, offer to designers in in- 
dustry generally unique opportunities in 
product design. In the interest of advancing 
this knowledge of honeycomb, Hexcel, 
through its research and development staff 
(the industry's largest), has prepared this in- 
formational series. Should you desire addi- 
tional technical information or copies of 
others in this series, please complete the in- 
formation request form on this page. Your 
request will receive immediate attention. 











He xC EL propucts INC. 
Stronger, lightweight materia/s for industry 
Executive Offices: 2332 Fourth St., Berkeley 10, Calif. 
Plants: Berkeley, Oakland, El Segundo, Calif.; Havre de Grace, Md. 
Sales Offices: Inglewood, Calif.; Fort Worth, Texas; Chicago, IIl.; 
New York, N.Y.; Havre de Grace, Md. 
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Skinner has a complete range of 
Explosion-Proof Solenoid Valves 


If you have a control problem involving valves operating in hazardous 
locations—Class I Group D (gasoline vapors, etc.), Class II Group F (coal 
and coke dust) and Group G (grain dust)—you can select from Skinner’s 
complete line of two- and three-way explosion-proof standard and high 


pressure solenoid valves. 


U.L. approved 


A wide range of pressure ratings and orifice sizes 


Bodies and coil housings machined to close tolerances—clearance is 0.0005 


Stainless steel or naval brass bodies 


Stainless steel internal parts 


Stainless steel and brass internal parts 


STAINLESS STEEL TWO- AND 
THREE-WAY SOLENOID 
VALVES—X5 SERIES 


The highest quality and most versatile 
valves manufactured. So flexible that 
basic valve can be modified to provide 
porting, mounting, or flow-control, to 
meet most applications, 


Two-way solenoid valves are available 
normally closed, normally open and 
dual purpose, Orifice sizes from !%” to 
%”, maximum operating pressure differ- 
ential 3000 PSI depending on orifice 
size—NPT pipe size 4%”, 4” and %”. 

Three-way available normally closed, 
normally open, directional control and 
multi-purpose. Orifice sizes from %¢," to 
144”, maximum operating pressure differ- 
ential 200 PSI depending on orifice size. 


TWO-WAY PISTON TYPE 
SOLENOID VALVES—XR SERIES 


These valves, with forged naval brass 
body and stainless steel piston, handle 
high flow and high pressure require- 
ments of industrial and commercial ap- 
plications with most common media, 


XR series valves are available with 
\{" orifice and 4” NPTF in normally 
closed or normally open construction. 
Operating pressure differential 5 to 1250 
PSI for AC operation and 5 to 1000 PSI 
for DC operation. 


TWO- AND THREE-WAY 
HIGH FLOW SOLENOID 
VALVES—XL SERIES 


These diaphragm type solenoid valves 
meet the high flow requirements of a 
great many commercial and industrial 
applications. The unique Skinner dia- 
phragm construction makes possible the 
exceptionally long service life of this 
series valves, 

Two-way XL series valves are avail- 
able normally closed and normally open. 
Orifice sizes are %”, %4” and 1” with 
corresponding NPTF pipe connections. 
The )%” orifice model is also available 
with %” NPTF. Operating pressure 
differential is 5 to 150 PSI. 

Three-way XL series valves are avail- 
able normally closed, normally open 
and directional control. Orifice sizes are 
36”, 4%” and %4” with corresponding 


NPTF pipeconnections. Operating pres- 
sure differential is 5 to 150 PSI for the 
4%” and %4” size and 10 to 150 PSI for 
the 3%” size. 


TWO- AND THREE-WAY HIGH 
PRESSURE HYDRAULIC SOLENOID 
VALVES—X10 SERIES 


These stainless steel, direct acting, slide- 
type valves are precision engineered to 
control hydraulic systems at pressures 
up to 2000 PSI. 

These high pressure hydraulic valves 
have a 3” inlet and cylinder orifices 
with 4%” NPT. They can be used as 
two-way normally closed or two-way 


normally open valves by plugging the 
appropriate port, and three-way nor- 
mally closed, or three-way normally 
open, or dual purpose valves. 


. . aa 
For complete informetion, contact a 


Skinner Distributor listed in the Yellow 
Pages or write us at the address below. 


When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 
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THE CREST OF QUALITY 


ELZCTRIC 


VALVES 


SKINNER ELECTRIC VALVE DIVISION 


SKINNER PRECISION INDUSTRIES, INC. « NEW BRITAIN, CONNECTICUT, U.S.A. 
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Here’s proof that USS Galvanized Steel nt duct- This “container” of USS Galvanized Steel 
Sheets have exceptional workability—twist work. They’re strong and rigid. Lock joints illustrates the outstanding formability and 
and bend, and the zinc coating won'tflake off. stay tighter. Installation is quick and easy. drawing characteristics of the metal. 


United States Steel Corporation »« Columbia-Geneva Steel Division 
Tennessee Coal & Iron Division « American Steel & Wire Division 
United States Steel Supply Division + United States Steel Export 
Company. 
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NEW RELIANCE SYSTEM FOR 
AUTOMATIC POSITIONING OF MACHINE TOOLS 


This drilling machine is operated by Reliance 
Programmed Numerical Control. It cuts the 
costs of lead time and expensive tooling. It 
provides fast, highly accurate positioning .. . 
electrical accuracy of + .0001 inch and re- 
peatability of .00001 inch can be achieved. 
This is an absolute system operating from a 
fixed reference with no cumulative error. 


The Reliance drive operates feed motors at 
high speed until position is approached. Motors 
are then slowed down in proportion to the 
distance from the programmed point, stopping 
at the exact position. Any number of linear 


or rotary motions can be controlled simulta- 
neously or individually for complete automatic 
operation. Provision is also made for program- 
ming auxiliary functions, such as turret selec- 
tion, clamping and coolant control. 


Reliance Programmed Numerical Control uses 
8-channel machine tape or dial selector switches 
for input. Operates from standard tape process- 
ing and reading equipment. 

It will pay you to get the complete facts about 
this equipment. Your Reliance Sales Engineer 
has all the information. Consult the Yellow 
Pages or write us direct. 








RELIANCE.. -builders ¢ 


NEW DUTY MASTER D-5000 design brings 
you new standards in coolness, quietness... 
and more horsepower in less space. Frame dimen- 
sions that held 150 hp. now contain 300 hp. 
There is better heat dissipation from the frame 
itself. Air flows easily through the entire grilled 
end areas—exhausts through long, protected slots 
at the sides and bottom. New fingerless ducted 
rotor design means better cooling than any other 
previous motor. You get all famous Duty Master 
features in this new D-5000 . . . special lubrica- 
tion design, drip or splash-proof and complete 
open motor protection. Bulletin B-2515. 


RELIANCE V*S STATATRON is a static powered drive for wide 
range variable speed from in-plant a-c. circuits, available from 1 
to 200 hp. Instead of a motor-generator set, the Statatron uses 
silicon diodes and saturable reactors to rectify the current from 
a-c. to d-c. These work in combination with a transistorized power 
exciter to supply variable voltage. Statatron is compact—35% 
smaller than conventional units. Consists of only three compo- 
nents: Super “T”’ d-c. motor, operator’s station and control cabinet. 
Statatron is quiet—vibrationless and low in maintenance cost. 
Bulletin D-2508. 


THIS MASTER GEARMOTOR drives a chip con- 
veyor on an automatic screw machine. The 
combination parallel and right angle reduction 
produces efficient low output speed at high torque 
—ideally suited to this operation. Features im- 
portant here are its compactness and one piece 
construction, saving space and maintenance. This 
Master Gearmotor is impervious to liquids... 
splashing of coolant and any other outside con- 
tamination. Where the situation calis for gear- 
motors, this full line can cut your engineering 
and assembly costs . . . give you dependable 
performance. Bulletin E-2409. 


TOTAL SERVICE is an integral part of every Reliance product, 
from engineering and start-up assistance to maintenance and 
renewal parts. The photo shown here is typical of a Reliance 
Service Engineer’s on-the-job availability—for maintenance and 
consultation on knotty problems. Every Reliance Sales Engineer- 
ing Office and Distribution Center—nationwide—gives you the 
attention and experienc? necessary to assure the top performance 
you expect from the Reliance equipment you buy. 


RELIANCESicictte 
ENGINEERING CO. 
DEPT. 285A, CLEVELAND 17, OHIO + Canadian Division: Toronto, Ont. 
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NAT’S 
quick facts 
about 
Fasteners... 


Shining example...of big things 


yee 


in specials by National 


This is a large offset eyebolt, shown here 
big as life. We designed and made it to 
order for one of our customers. 

To begin with, it shows that we can 
and do make some sizable things in the 
way of cold headed Special Products. 

But there’s more here than seems to 
meet the eye. 

When our customer brought us this 
eyebolt, he had been having it made as 
a forged eye welded to a machined bolt, 
with a cut thread. 

We gave it some thought, then made 
it... with a difference. We cold formed 
it in one piece, and rolled the thread... 
turning out a stronger, more practical, 
and more efficient part, and lopping off 
costs all along the line. 

And there’s the real point... what we 


really mean when we mention doing BIG 
things in Specials, at National . . . better 
parts, large or small, at lower cost, by 
cold heading and designing for profit. 

We do it right along, and we can very 
likely do it for you, too. Want to find 
out? Just drop a note to Special Products 
Service, at our address*. And if you just 
happen to have a Special problem, tell 
us all about it—and let us help. 


“It will bring you 
this illustrated booklet 
“Bring your Special 
Problems to National”, 
16 pages about Specials 
as National sees them. 


A at ‘ona i The National Screw & Mfg. Company ° Cleveland 4, Ohio 


exes” 


California Division, The National Screw & Mfg. Company 
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3423 South Garfield Avenue, Los Angeles 22, California 
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NEMA Sizes 0 and 1 


Two, th:ee and four-pole 
construction 


SMALLER! Takes less space, whether it’s 
built into machine or mounted externally 


SMART STYLING! Matches the streamlined 
appearance of today’s modern machines 


QWIK-MAKE, QWIK-BREAK! Positive 
snap-action opening and closing of con- 
tacts. Longer contact life 


TRIP-FREE OVERLOAD PROTECTION! 
Impossible for operator to hold motor cir- 
cuit closed against overload 


POSITIVE PROTECTION! Starter will not 
operate without overload units installed 


LONGER LIFE! Toggle Action operating 
mechanism. Heavy-duty construction 


throughout 


EASIER INSTALLATION! Wire it without 
removing starter from enclosure. All ter- 
minals have pressure wire connectors 


EASIER 

MAINTENANCE! 
“ Off-the-Shelf” parts 
kits make normal 
maintenance and mod- 
ifications easier than 
ever. They're easy to 
buy, easy to identify, 
and faster to install 


wi ae TAMPER-PROOF! 

CHOICE OF Ea vice pa 

ENCLOSURES: al ing by pry owen were 
Water and Dust-Tight eo ¥ = ae 
Hazardous Locations fe “OFF” a 


Flush ‘ : ; VISIBLE INDICATION 
— 7 | OF OVERLOAD! 

i a Self-centering — 
Write tor BULLETIN 2510 B-C ‘ /) pt ee 
Address Square D Company, 
4041 North Richards Street, 
Milwavkee 12, 
Wisconsin 


SQUARE J} COMPANY 


wherever electricity is distributed and controlled 
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BIG PICTURE—100 TIMES ACTUAL SIZE— 


checks ball bearing geometry 


BCA engineers take a close, “big” look at the configuration 
of inner and outer rings of ball bearings with this contour 
projector. It magnifies profiles up to 100 times actual size— 
miakes possible extremely accurate measurements and control 
of all geometric characteristics of raceway rings. 

This contour projector provides essential information for 
BCA research in developing new and modified bearing de- 
signs. It also evaluates the production performance of pre- 
cision tools and machine set-ups by checking the profiles of 
production raceway rings against precise design specifications. 
This device is only one of many BCA quality control measures 
that help assure uniformly high ball bearing quality. 


BEARINGS COMPANY 
OF AMERICA 
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New BCA laboratory facilities also include a variety of spe- 
cially designed testing machines that simulate actual or ex- 
aggerated operating conditions. On this equipment, bearings 
are studied under exact operating conditions of the customer’s 
application . . . and tested to exceed his specifications. 


BCA ball bearings for original equipment zs well as replace- 
ment use are made in a complete range of types and sizes. 
They serve practically every kind of industry . . . automotive, 
machine tool, construction and agricultural equipment, to 
name a few. For complete information, for experi- 
enced engineering counsel on bearing applications, 
contact: Bearings Company of America, Division of 
Federal-Mogul-Bower Bearings, Inc., Lancaster, Pa. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 


ball 
bearings 
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For high strength without excessive weight, the designer of 
this heavy truck chose Tenzaloy for the front engine supporting frame. 


Why TENZALOY is the most widely used 
high-strength aluminum casting alloy 


Among high-strength, self-aging aluminum casting alloys, Tenzaloy has 
won greatest acceptance and widest use by designers because of its unique 
all-round combination of properties. Outstanding among these special 
qualities are: 

e High yield and tensile strength, combined with adequate ductility 

e Exceptional machinability 

e Remarkable dimensional stability 


e High impact, shock resistance 

When Tenzaloy is specified, one big problem is eliminated: heat treatment. 

Without any artificial thermal treatment, Tenzaloy castings will pre- 

cipitation-harden at room temperature to give properties normally obtain- 
able only by the expensive solution treating, quenching, and artificial 
aging of the heat-treatable alloys. 

Here are typical properties for Federated Tenzaloy: 
Tensile strength 35,000 psi 
Yield strength 25,000 psi 
Elongation (in 2 in.) 4-5% 
MMU MIEN LO Ohg sas scsusiccdsustadascsstesnscsccnteeeideesenktavecziasseneavaneeuas cdabeureabunelaas 74 = 
Impact strength (Charpy in ft.-lbs.) : 


Tenzaloy also is corrosion resistant, has superior ductility, and is easily 
anodized, dyed and polished to brilliant decorative finishes. Castability is 
excellent in green sand, plaster, investment, shell, oil-bonded sand and 
precision molds of ali kinds. No special techniques are required for handling 
Tenzaloy in the foundry. Since Tenzaloy has mechanical properties equiva- 
lent to such common heat-treated alloys as 195T6, 355T6, 356T6 and 319T6, 
it can be substituted in applications where any of these heat-treated alloys 
are presently used. 

It is particularly suited to high-strength designs where load carrying 
capacity and impact strength are essential. For example: frames, brackets, 
levers, bases, housings, missile ground handling equipment, jet aircraft 
turntables, explosion-proof enclosures, heavy-duty wheel hubs and cable 
drums, to name a representative few. 

Tenzaloy can widen your design possibilities, increase production effi- 
ciency, improve your products, reduce costs. Get complete facts on its 
physical and mechanical properties by writing for Bulletin No. 103 R5 to: 
Federated Metals Division, American Smelting and Refining Company, 120 
Broadway, New York 5, N. Y. 


FEDERATED METALS DIVISION ASARC 


American Smelting and Refining Company 
120 Broadway, New York 5, N. Y. 
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SYLVANI 


SHAVES COSTS 


FOR SCHICK-IN' PLASTICS METALS 
“AND ASSEMBLIES 


Producing the switch for a compact, 3-speed electric 
razor leaves almost no margin for error. It must be 
precisely built and still withstand the punishing 
abuse of day-to-day handling. 


In making the switch for the new Schick razor shown 
below, Sylvania Parts Division meets these require- 
ments. Our experience with a wide range of ma- 
terials resulted in better electrical contacts. And our 


facilities assure durable, precision parts and assem- 
blies as well as high-speed production. The combina- 
tion means important economies to Schick. 


For details, see captions at the right. For full informa- 
tion on how Sylvania custom parts facilities can 
benefit you, or for a quote on a specific project you 
have in mind, write Sylvania- Electric Products Inc., 
Parts Division, Warren, Pennsylvania. 
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MOLDED FROM PLASTIC are parts for the switch as- 
sembly. Each must meet the tightest specifications. Example: 
Sylvania molds shaft and selector button from nylon, holds 
dimensions on both to a height and diameter of +.0015”. In 
addition, the flash is controlled to 1/32” because the button 
is a snap fit on the shaft. Since Sylvania maintains one of the 
world’s most modern and complete lines of automatic molding 
equipment, it can handle volume orders for compression, in- 
jection and transfer molding. And a unique bank of rotary 
presses can produce millions of precision parts each day— 
even using phenolics and urea. 


Result to Schick? Precisely molded parts—in volume! 


CUSTOM METAL STAMPINGS also proved important to 
Schick. Sylvania recommended changing the selector detent and 
rotor to brass, thus permitting a reduction in thickness from .015” 
to .010” and assuring an improvement in contact from rotor arm to 
detent. Sylvania made the dies necessary to produce these parts. 
The Sylvania metal stamping facility includes multi-slide machines, 
vertical presses and specially developed machines to help solve 
your problems. 

Result to Schick? Positive electrical contacts assured while a 5° offset 
on the selector rotor is maintained to within +1° day in and day out. 


CUSTOM ASSEMBLY by Sylvania of the switch 
assembly is handled by our corps of trained special- 
ists. Many of our customers have found that Sylvania 
can often deliver completely assembled and packaged 
products— using either all Sylvania components or 
a combination of some Sylvania and some customer 
supplied—at lower cost than is possible in the cus- 
tomer’s own facilities. 

Result to Schick? Thousands of completed, durable 
and precision assemblies per month. 





NEED CUSTOM WELDING OR WIRE? Sylvania supplies both. To help you meet your welding needs, Sylvania 
has developed new high-speed, high-volume techniques and advanced welding equipment — automatic and semiautomatic. 
To help you with wire, only Sylvania of all major manufacturers makes all three types of bare wire — alloy, clad and plated. 
They’re available in a full range of sizes, too— .002” to .250”. Where necessary, Sylvania will precision-roll wire into ribbon 
connectors that offer high reliability when the circuitry calls for wire wrap contact methods. 


SYLVANIA 


SUBSIDIARY OF 


GENERAL TELEPHONE £ ELECTRONICS ee 
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Integrated BRUEL & KJAER Instrument Systems 


The Bruel & Kjaer “building block’ concept for equipping 
acoustic and vibration test facilities assures that the initial 
steps to provide basic instrumentation will serve as the 
foundation for planned expansion toward an integrated test 
system. Bruel & Kjaer transducers, calibrators, signal gen- 
erators, spectrum analyzers, and data recorders are matched 
in design to guarantee system compatibility without costly 
engineering by users. The ranges and types of Bruel & 
Kixer instruments are shown below. 


SOUND LEVEL MEASUREMENT INSTRUMENTS 


Dynamic Range: 15 db to 200 db re 0.0002 dynes/cm* 
Frequency Range: 10 c/s to 150,000 c/s 


Read Ovt: TRUE RMS, Average or Peak on either Meter 
or Level Recorder 


Accuracy: + 0.5 db 


VIBRATION MEASUREMENT INSTRUMENTS 


Dynamic Range: 0.002G to 2000G 
Frequency Range: 10 c/s to 25,000 c/s 


Read Out: TRUE RMS, Average or Peak on either Meter 
or Level Recorder 


Accuracy: + 0.5 db 
AUDIO SPECTRUM ANALYSIS INSTRUMENTATION 


Voltage Range: 5 micro volts to 1000 volts 

Frequency Range: 10 c/s to 35,000 c/s 

Filter Band Widths: 6% to 30%, 3 octave; full octave 
Tuning: Manual or Automatic 


Read Out: TRUE RMS, Average or Peak on either Meter 
or Calibrated Chart 


Accuracy: + 0.5 db 


FREQUENCY RESPONSE MEASURING INSTRUMENTATION 


Frequency Ranges: 2 to 2000 c/s, 20 to 20,000 ¢/s, 
200 to 200,000 c/s 
Tuning: Manual or Automatic 
Signal Distortion: 0.1% to 0.5% 
Test System Control: Electronic Servo Automatically 
Corrects for Test 
System Non-Linearities 
Read Out: Meter or Frequency-Amplitude Calibrated Chart 
Accuracy: Frequency, 1% + 1 ¢/s 


Amplitude, + 0.2 db to 0.5 db 
WRITE FOR 24 PAGE CATALOG 


Gives data, in condensed form, on the more than fifty instru- 
ments and accessories in the complete line of Bruel & Kjaer 
instruments for automatically measuring sound, vibration 
and strain. 


B & K INSTRUMENTS, Inc. 


B & K’s experienced application engineers will aid you in 
establishing: Measurement programs, test instrumentation, 
special accessories to complete instrument systems. Call 
or write for technical information or consultation. 





AB B & K INSTRUMENTS, Inc 


3012 W. 106th STREET « CLEVELAND 11, OHIO - CLearwater 1-8430 
? 
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KEYSTONE PowbDeER METALLURGY PROGRESS 


Copper aly tome | A fine iron-base alloy with good strength in the 
Steel 2.0 Max. : ; ‘ . | medium density range. Has proved successful 
Total other j | in various gear applications when extreme 


elements | impact is not present. 
i ne ee a SAE ree > 
| Fe 95.5 Min. } | 
Z-33 Carbon | Si .3 Max. 
Heat- Steel | Al .2 Max. . F } 70,000 
Treated Alloy 3.0 Total other 
| elements 


Excellent for wear applications especially when 

| Keyonyxed. High apparent hardness accounts 
for good wear characteristics. Pearlite structure 
—good heat-treatability. 


a 38 
oOo | 


BREEN SE? tnawred <8 ae eee. 5 eS CRS Ye hata 


| fas 
AISI 4630. | C— 30 N l. 7 | I Th ' ; eg 
Alloy Steel | Mn—.50 Mo 2.5 ’ in. | 160,000 : e ultimate in properties in modern powder 
As Hardened | Si—.25 Fe Balance | | metallurgy. A true alloy steel. 


— —— —— —_}+—_— — — . . — 
| 
| 
| 
| 


| gu ++“ Min, | The best properties available in a bronze mate- 
| P .3—.5 } | rial. For use in bronze parts where higher 
—. -9 Min. . | strength is required. In strength range of many 


Bronze | et eer 5 Max sintered iron materials. 


i | Write us for full ilenibetion 
Cyd CARBON COMPANY 


POWDERED METAL PARTS DIVISION 
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For more information, write for Bulletin 
603. Address Hunt Valve Company, 
Salem, Ohio, Dept. MD-561. 
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CONTROL VAL 


up to 8 in. ¢ 5000 psi 





8 in., 2-way 2-position; 
double pilot cylinder ‘ype. 


Need more flow capacity than you can get with the 
largest sizes available in most valve lines? There’s an 
easier answer than resorting to costly multiple valving, 
or redesigning your system to suit flow limitations. 


Hunt builds valves in sizes up to 8 in., with air flow 
ratings of more than 32,000 cfm @ 100 psi pressure 
drop! In fact, you can choose from valves ranging in 
size from ¥ through 8 in.; 2 and 3-way, 4-way 2 or 
3-position; solenoid, remote-pilot or mechanically actu- 
ated; with a variety of optional mountings and features. 


If control of large volumes of air, oil, water, or soluble 
oil and water at pressures up to 5000 psi hyd. is one of 
your requirements, it’ll pay you to talk to your Hunt 
representative. His specialized knowledge can save 

you hours and dollars. Call him today. 


QUICK-AS-WINK > AIR AND HYDRAULIC 


HUNT VALVE COMPANY DIVISION OF IBEC © SALEM, OHIO 
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OVERLOAD 
RELAYS 


GENERAL- 
PURPOSE 
CONTACTORS 





WHY STOCK DC CONTACTORS 


. « « When you can assemble more than 100 devices 
from General Electric “building-block’’ components 


There’s no need to carry a large in- G.E.’s “universal” contact block is 


ventory of d-c contactors and relays 

. .. just to be sure you have the correct 

device when you want it! 
“Building-block” design of General 


the building unit for all types of con- 
tactors and relays. Choice of standard 
frame-and-coil assembly with proper 
combination of contact blocks and stand- 


ard assembly kit permits the variation 
in devices to meet your specific appli- 
cation requirements. 

Three complete contactor lines and 
relay lines—for general-purpose, 


Electric contactors and relays permits 
you to assemble more than 100 differ- 
ent devices—right in your own plant 
—from a stock of as few as a dozen 
standard components. six 


GENERAL- 
PURPOSE 
RELAYS — 


_ MILL-DuTY 
CONTACTORS 


AND RELAY 


mill-duty, overload, and timing func- 
tions—can be assembled using this 
unique approach. 

Rely on General Electricfor all components 
—General Electric also has complete 
lines of plate rheostats and resistors. 
For additional information, contact your 
General Electric Sales Representative, 
or mail the coupon below. Industry 
Control Department, Salem, Va. 


GENERAL@Q ELECTRIC ....... 


Plate-type rheostats—windings are com- 
pletely encased in metal to give longer and 
more reliable service for any application. 


Resistors—vitreous-enameled and wire- and 
ribbon-wound types from 5 to 1210 watts. 
Fixed, slide-wire, or tapped types available. 


~ 
Beez 


j 
ad 


wren - - - - - - - + ---- 5 


: Section B784-31 
General Electric Co. 
Schenectady 5, N. Y. 


Please send the following bulletins: 
0 GEA-6621—D-c contactors and relays 
0 GEA-6592—Resistors 
O GEA-6474—Plate-type field rheostats 


Nexno——$ 
Compeay—$£§ ££ ——_—_ 
Addroes——__—___— 

Cy—$ 


ne 





AT WHIRLPOOL CORPORATION... 


One Dayton Poly-V belt spins drum 


Uses no intermediate reduction stage or drum sheave 


There are many interesting design features in 
the new RCA-Whirlpool Clothes Dryer. One is 
the drum drive. It censists of a single three-rib 
Dayton Poly-V belt, driven directly from an 114” 
motor sheave to the periphery of a 274” dryer 
drum. No intermediate stages are used to obtain 
the required 36:1 reduction—and no grooves or 
guides are used on the drum surface. 


Simplities Construction. Previous models 
obtained the 47 RPM drum speed with a two- 
stage reduction system. By moving the drive load 
forward on the drum, it was also possible to de- 
sign a less costly, but equally efficient bearing 
arrangement. The resulting design simplification 
has led to important production economies, too. 


























The new Dayton Poly-V employs a single parallel V-ribbed belt 
running in sheaves designed to mate precisely with belt ribs. 
Single unit design provides twice the tractive surface per inch of 
sheave width—up to 50% more power in as little as 7% the space. 


Drive Engineering Service Perhaps your product’s 
performance can be improved—costs lowered—with a 
Dayton Poly-V Drive. A call to your nearby Dayton 
engineer will bring you the assistance and advice of an 
experienced drive specialist. Or write directly to: Dayco 
Corporation, Dayton Industrial Products Co., Div., 
Melrose Park, Illinois. 


Tracking an Important Consideration. 
Whirlpool engineers found that conventional belts 
tended to “‘flop over’’ or jump off the small motor 
sheave. Thorough testing proved that Poly-V’s 
full contact design keeps the belt firmly seated in 
the sheave and prevents it from “wandering” 
over the drum surface. 


Flexibility Important, Too. Even if the 
proper sheave wrap-around were possible with 
conventional belts, constant flexing over the sub- 
diameter sheave would materially shorten service 
life. The reduced thickness of the Dayton Poly-V 
belt gives it greater flex life—lengthens drive life, 
reduces internal heat build up, and assures user 
satisfaction. 


Poly-V’s reduced belt thickness means smaller sheave diam- 
eters can be used. Result: less centrifugal force, permitting oper- 
ation at higher belt speeds. 


@Registered trademark of R/M inc. Manutactured by Dayco Corp. 
under exclusive license of Raybestos-Manhattan, Inc. 


Dayco & 


Dayton Industrial Products Co. Div Melrose Park, Illinois 


Circle 283 on Page 19 








| 4 
$ ’ 
’ 








. . : i j 
4 : 


Full.contact design 


mn wi 
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enables Dayton Poly-V belt 
to track perfectly over drum surface =", 
—without grooves or guides [ 


Pes 


Most overload-protection devices have 
to be de-rated for elevated temperatures. 
As the ambient goes up, usable !oad 
capacity goes down. This is an inherent 
characteristic of thermal-type devices. 

The Heinemann circuit breaker is mag- 
netically actuated. It senses overcurrent 
not through a heat-sensitive bi-metal strip, 
but through a solenoid coil. The cali- 
brated current capacity of the coil is 
unaffected by temperature. 

If you put a Heinemann breaker in a 
hot, component-packed equipment enclo- 
sure (even next to a bank of tubes), it will 


carry 100 per cent rated load without 
tripping. It will trip only when it’s sup- 
posed to. And always at the precise over- 
current value specified. 

These temperature-stable characteris- 
tics are common to the entire line of 
Heinemann hydraulic-magnetic circuit 
breakers. You can have any of them 
(including the subminiature Series VP 
shown here) in any integral or fractional 
rating you need, from 0.010 amps on up, 
and with any of several inverse time 
delays. Our Engineering Guide, Bulletin 
201, will give you detailed information. 


HEINEMANN ELECTRIC COMPANY 1 72BRUNSWICK PIKE, TRENTON 2, N. J. 
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Aptitude Appraisal 


certainly lost a good engi- 

WV neer and acquired a lousy 

manager when Joe got his 

promotion!” Ever hear a similar 
comment before? 

If such a situation is distressing 
to Joe’s associates, it can be cata- 
strophic to top management. A 
serious mistake in making an ap- 
pointment to a responsible engi- 
neering position can jeopardize the 
company’s entire product develop- 
ment program. 

Yet promotion, transfer, or a new 
appointment almost always involves 
calling on a man to exercise import- 
ant but hitherto undeveloped skills. 
It is impossible to be absolutely 
sure of success, but any procedure 
that will improve the odds by even 
a small amount cannot be ignored. 

So much every thoughtful engi- 
neer will quickly recognize with his 
But when aptitude ap- 
praisal—a procedure which reduces 
the element of chance—hits him 
personally, intellect may fly out the 
window and emotion may take over. 


intellect. 


The techniques of aptitude ap- 
praisal can probe a man’s defenses 
in ways he cannot quite anticipate. 
Thus there can be resentment at the 
loss of a_ carefully constructed 
personal image, or perhaps at the 
revelation of hidden traits that the 
man himself never realized he 
possessed. 

Yet, in the long run, isn’t it better 
to be judged with the help of im- 
personal standards than to be the 
victim of some one person’s subjec- 
tive opinion? 

Heaven forbid that people ever 
try to measuve a man completely by 
coldly impartial yardsticks. But as 
an aid to warm human understand- 
ing, such measurement techniques as 
aptitude appraisal greatly improve 
the odds that you will get a fair 
deal when being considered for that 
coveted job. 


EDITOR 





What makes an engineer "tick"? 
What job is he best suited for? 
How will he get along with others? 
Will he make a good manager? 
Should he be promoted? 


Answers to such questions are of vital concern to the engi- 
neer planning his career, and to the engineering manager 
looking for the right people for the right jobs. Here’s a close 
look at the newest and most promising methods of aptitude 
appraisal—a five-step procedure for 


RIEFLY defined, aptitude appraisal is the sci- 
B entific assessment of what a person is apt to 

do. More specifically, it is the use, by a trained 
specialist, of various “human-measurement” methods 
developed in the laboratories of psychology for 
rapidly yielding important facts about people’s ca- 
pacities and limitations. 

As an assessment tool, aptitude appraisal can be 
a powerful aid in resolving the “job” problems of 
any individual, group, or organization. The aspects 
of particular significance to engineers and engineer- 
ing managers are the subject of this article. 


> Why Aptitude Appraisal? 


Various factors stimulate the need for aptitude 
appraisal. A major stimulus has been the limitations 
of conventional assessment instruments. This prob- 
lem is faced regularly by supervisors in predicting 
the future contributions of their subordinates. Here 
are several cases in point: 

@ Two Ph.D.’s who, during their graduate years, were 
rated by their professors as “least likely to succeed” are 
the only members of their class to have received inter- 
national fame for post-doctoral scientific achievements. 
A well-known inventor referred a technician, with whom 
he had worked many years, as a promising candidate 
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Measuring 


for a managerial job of broad scope. Appraisal findings 
revealed a strong desire for managerial work that was 
not matched by adequate drive, dominance, spark, and 
flexibility. Marked evidence of loyalty, compliance, 
thoroughness, persistence, and outstanding craftsman- 
ship had apparently endeared him to his superior. 

An engineer-president had a technician appraised to 
“prove” the latter’s outstanding qualifications for formal 
engineering training. All findings pointed sharply away 
from engineering and toward sales. Excellent crafts- 
manship related to certain personality traits had mis!ed 
the boss. 


If the observation of a person’s work has its limi- 
tations as an assessment tool, and if tangible evi- 
dence of accomplishment, like patents or publica- 
tions, is not available, there is a strong tendency 
to rely on such criteria as college transcripts, Aside 
from the perennial question of grade comparability 
from one school to the next, a recent study indicates 
that students may do equally well in subject matter 
achievement but differ widely in creativity.’ 

The limitations of reference checks are well known, 
but still merit at least a mention. New light on 
instructor references is shed by the creativity study 
previously mentioned. Teachers admitted liking their 
bright but noncreative students better than their 
creative ones. More than one graduate student has 


1References are tabulated at end of article. 
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BERNARD J. COVNER 


Director 


Man-Management Center 


Stamford, Conn. 


the Engineer 


-His abilities 
-His interests 
‘His personality 


found it “rough going” when his research results 
directly or indirectly cast doubt on the favorite views 
of dominant professors. 

Other conventional methods with important limi- 
tations for aptitude assessment include the applica- 
tion form and the interview. With the former, the 
problem is not so much the accuracy of the con- 
tents but what they mean. Studies correlating appli- 
cation form data with job performance have shown 
that only some of the items are related to job per- 
formance, and not always in the manner suggested 
by common sense. It takes research to determine 
the real value of any application-form item. 

The interview has many pitfalls. One of the most 
important is the interviewer’s inability to report com- 
pletely and accurately what happened in an inter- 
view. A study that compared phonographic record- 
ings of interviews with interviewers’ reports showed 
important omissions and distortions on the part of 
highly intelligent and well-educated interviewers, 
and a relationship between style of interviewing and 
the completeness and accuracy of the interviewer’s 
report.” 

Another important limitation of the interview is 
the tendency for certain outstanding traits, favorable 
or unfavorable, to color or bias the interviewer’s 
assessment of other characteristics. This limitation, 
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technically known as “halo effect,” is cited in an 
appraisal report on a newly hired manufacturing 
manager whose job performance had been eminently 
unsatisfactory: 


e Afterihought suggests that his many years of experience 
with a blue-chip company, coupled with certain aspects 
of his interview behavior, created a positive halo that 
over-shadowed the weaknesses that probably made him 
available for hire. 


Systematic training in how-to-interview can def- 
initely help to overcome pitfalls of the sort just cited. 

A second major factor underlying the need for 
aptitude appraisal is the complexity of human be- 
havior. As a basis for measurement of pcople, the 
psychologist uses three “dimensions”: Ability, in- 
terest, personality. Each of these areas is a complex 
study in itself. For example, there are dozens of 
human abilities. Take one, intelligence. It is com- 
prised of many abilities, and is not cquivalent to 
creativity. Creativity itself is comprised of at least 
thirty abilities.’ 

In assessing the ability, interest, and personality 
make-up of an individual, one is faced with the 
problems of not only getting facts about each of 
these areas but also of determining the dynamics of 
the relationships between them. These problems 
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will be examined in greater detail later in this 
article. 

A third significant factor is the importance of 
accurate appraisal to both the engineering man- 
ager and the individual engineer or engineer-as- 
pirant. The costs of making a wrong decision are 
high. Turnover, training time, productivity, work 
quality, and “personality clashes” bear heavily on 
an organization’s ability to compete, to honor con- 
tract commitments, and to stay within cost esti- 
mates. This factor gains extra weight when con- 
sidered in the light of the stress-and-strain atmos- 
phere under which decisions frequently have to be 
made. 

For the individual, both time and money can be 
wasted in getting experience and training in areas 
for which he is not best suited. This problem is of 
particular importance to the creative individual, who, 
according to research findings, considers more ca- 
reer alternatives than the less-creative person who 
may be as high, or higher, in intelligence. 

A fourth factor takes on increasing importance 
as international stresses mount: The need for mak- 
ing the best use of our human resources, This 
problem has many facets, but one in particular de- 
serves mention. 

Today there are many capable people, with and 
without college training, whose lack of a formal 
degree may interfere with their progress or, at least, 
with assessments of their capacity for progress. Ap- 
titude appraisal can help determine who these peo- 
ple are, so that companies can take greater advan- 
tage of their abilities, and, in some instances, en- 
courage them to get additional formal education. 
Thus, aptitude appraisal can be an important tool 
for helping to reduce the waste of talent, as revealed 
in the following case: 


@ A man’s progress was blocked because he didn’t have 
a formal engineering degree. He was considered for a 
research and development job in a laboratory whose 
technical skills were higher than that of the factory 
for which he worked. The interview revealed that 
while he lacked a degree he had more engineering 
courses than actually required for a degree. Further, 
he had been a research assistant to two outstanding 
scientists in internationally known laboratories. Test 
results showed that he compared favorably with the 
college graduate engineers already in the company. He 
was hired and performed satisfactorily. 


Thus, aptitude appraisal helps to solve assessment 
problems created by the limitations of conventional 
assessment methods, the complexity of human per- 
formance, the pressing demands of the engineering 
manager’s job, and the need for making best use 
of a company’s human resources. 


> The Methods 


In many respects, the methods of aptitude ap- 
praisal are similar to those of engineering. They 
combine systematic data accumulation with the mak- 


ing of careful judgments, interpretations, and recom- 
mendations. The appraisal process has five essen- 
tial phases. 


1. Understanding the Problem: This step involves 
gathering information that will tell the appraiser 
what to look for, and will help him evaluate his 
findings. Such information usually can be obtained 
from job descriptions that are already in writing 
or are developed “on the spot.” But even if a job 
description already has been written, it should be 
discussed to get a feel for what the company has 
in mind, the relative importance of various aspects 
of the job, the problems previously encountered or 
anticipated, the kinds and characteristics of people 
the job incumbent will be working with, the tempo 
of work, and other factors. 

For example, in one company the primary prob- 
lem was to determine whether a recently hired en- 
gineer was suited for a fast-moving, rather hectic 
project-engineering assignment. The job required 
co-ordination of many specialists, who were already 
deeply involved in other projects, with a minimum 
of supervision. The secondary problem was to de- 
termine the engineer’s suitability for two other as- 
signments, quite different in nature, for which job 
descriptions were developed on the spot. 


2. Interviewing: Here, the appraiser meets with 
the candidate personally and sounds him out on 
his understanding of the nature and purpose of the 
appraisal process, and his attitude toward it. The 
appraiser uses various techniques, as necessary, to 
put the candidate at ease. He gains facts and im- 
pressions about the candidate’s experience, educa- 
tion, abilities, motivation, and personality. These 
findings give the appraiser preliminary notions about 
the candidate’s suitability, guide him in selecting 
tests to be administered, and help him to interpret 
test findings. 


3. Testing: This step is tailored to the candidate, 
depending upon the type and level of job. The test- 
ing program may require from about six hours for 
nonsupervisory engineering personnel to about four- 
teen hours for a chief engineer, director of engi- 
neering, etc. 

For the most part, standardized and objectively 
scored instruments are used. Thousands of forms 
are available, and new ones are under development 
constantly, They are of three main types, accord- 
ing to subject matter: 1. Present or potential ability. 
2. Interests and values. 3. Personality and tempera- 
ment, The kinds of information provided by each 
of these types are outlined on the facing page. 


4. Analysis and Report: At this point, the ap- 
praiser analyzes and interprets his findings. Al- 
though many of the findings may be quantitative, 
he must concentrate on answering the question: 
“So what?” The interpretations call for considerable 
judgment and knowledge, not only about people in 
general but also about the realities of business and 
industrial organizations, the abilities required for 
success in the ever-widening spectrum of jobs, and 


MAcHINE DesIGN 





Aptitude Appraisal Tests 


A summary of the information provided by 


the three major types of testing instrument: 


1. Present or Potential Ability 


Tests are selected on the basis of the can- 
didate’s level of education, age, and intelli- 
gence. They help to determine such things as: 


Ability to think abstractly with engineering con- 
cepts and knowledge. 

Mechanical comprehension. 

Supervisory insight. 

Mathematical-reasoning ability. 

Knowledge of writing mechanics. 

Sales insight. 

Creative-thinking ability. 

Space-visualizing ability. 

Ability to spot small details quickly and accu- 
rately. 

Ability to earn an engineering degree. 

Ability to do graduate work. 

Ability to extract meaning from complicated, tech- 
nical prose. 

Knowledge of basic arithmetic. 


Interests and Values 


These tests provide information on such fac- 
tors as: 


Strength of interest in engineering as such. 
Supervisory and administrative interest. 
Interest in dealing with people. 
Mechanical-manipulative versus 
signing interest. 

Theoretical versus investigative interest. 

Total interest profile compared with those of 
people in general, engineers in various job func- 


mechanical-de- 


the implication of the specific findings for the 
company in question. 

Thus, facts about the candidate must be related 
to the company’s organization structure, its goals, 
its incentives, its people, its attractiveness to vari- 
ous kinds of candidates, the anticipated costs and 
values of various personnel decisions, and the costs 
of failure. For a wrong decision to cost a company 
$40,000 in a six-month period is not unusual. 

The appraiser presents his findings, interpreta- 
tions, and recommendations in a written report. 
This requires far more than a mere recording of 
scores. He has an obligation to communicate mean- 
ingfully. Sometimes scores help. Often they inter- 
fere. Realizing that the report will guide decision- 
making, the appraiser must not only describe the 
person he has studied but he must also relate the 
findings to the various job and company aspects 
ascertained in step 1. Reports often can help in 
training, and sometimes provide suggestions on how 
to redesign or create a job to maximize strengths 
and minimize weaknesses. 

In this step of the appraisal process, no “cook- 
book” approach can be used. Although objective 
instruments are used in gathering information, the 
accuracy and usefulness of the procedure depend 
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tions, people in other occupations. 
Fact-mindedness. 
Money-mindedness or practicality. 
Concern for form and harmony. 
Concern for human welfare. 


Personality and Temperament 


Purpose of these tests is to shed light on a 
candidate's ability to get a job done and the 
manner in which he will go about it. A 
variety of instruments may be employed, the 
results of which, when coupled with interview 
impressions and content, help to answer such 
questions as: 


How healthy is he emotionally? 

Are his dominant traits suitable for sales or su- 
pervisory work? 

Can he get the job done in time? 

What sort of supervisory tactics will yield the 
best results? Pats on the back? Close supervision? 
Lots of freedom? Monetary incentives? Status 
incentives? 

How will he get along with others? 

How healthy is the balance between conform- 
ance and independence tendencies? 

How sociable is he? 

What happens to him under stress? 

How planning-minded is he? 

Does he finish what he starts? 

Is it hard for him te “get going”? 

To what extent can his limitations be bypassed? 
Is he likely to improve with increased age and 
maturity? 


heavily upon the experience and judgment of the 
appraiser. 


5. Feedback: Views on how to conduct this final 
step vary. The view advocated here is that the pro- 
cedure used and the amount of information re- 
vealed depend largely upon the issue, the nature 
of the findings, and the action decided upon. 

Either a company executive or the appraiser may 
do the communicating. Generally, the more clear 
cut and favorable the findings, the easier it is for 
the executive to do the communicating. Where find- 
ings are relatively complex, are likely to be met with 
resistance, or involve an incumbent whose _per- 
formance warrants improvement, the company may 
prefer to have the appraiser conduct a counseling 
session with the candidate regarding the findings, 
their implications, and appropriate actions. 

Counseling calls for considerable skill of the sort 
described in an earlier article.‘ Here are several 
examples of situations where counseling by the 
appraiser was used: 


e A very creative engineer, who had been employed by a 


company from its inception, was appraised regarding the 
best way to plan his further development. Findings 
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showed considerable anxiety about his future and his 
relative potential in sales, engineering, and production 
assignments, They also revealed important limitations 
in his dealings with people. The counseling session was 
fol'owed by improved performance and reduced anxiety 
about his future. 


A brilliant applicant was turned down mainly for per- 
sonality reasons. In counseling, he accepted the find- 
ings, sought and obtained recommendations about ther- 
apy, and later reported considerable improvement. 


Before putting a newly hired candidate on the payroll, 
a company asked the appraiser to discuss all findings 








Qualifications of the Appraiser 


Regardless of which specific way a company 
chooses for getting aptitude appraisal started, 
a key point is the selection of a specialist to 
serve as appraiser. While there are general 
“bench marks,” no sure-fire procedure can be 
set up for finding the right person to handle the 
problems of a particular company. 

The skills required for effective application of 
aptitude appraisal are, in a real sense, a “spe- 
cialty within a specialty.” Typical qualifications, 
which might be used as a guide in selecting a 
specialist for the job, are: 


1. A Ph.D. in Psychology, preferably with substan- 
tial training in industrial and clinical psychology. 


. Certification by a recognized certifying body. One 
level of certification is granted by certain states 
that have laws governing the practice of psychol- 
ogy. The trend in state laws is to require a Ph. D., 
plus a year or two of practical experience, as a 
prerequisite for a written exam. A higher level of 
certification is provided by a national body, the 
American Board of Examiners in Professional Psy- 
chology. This Board requires a minimum of a 
Ph. D., plus five years of acceptable experience, as 
an examination prerequisite. The examination it- 
self contains written, “work sample,” and oral 
elements. 


. Specific experience in handling the kinds of as- 
signments that a company has in mind. Specific 
questions to consider here are: 

@ Has he had experience in making the kinds of 
appraisals described in this article with people 
at all job levels in the broad spectrum of en- 
gineering activities? 

@ Has he had experience in training engineering 
managers or personnel managers to improve 
their interviewing skills? 

@ Has he had experience in setting up a program 
that can be administered internally? 

@ What is his grasp of the company’s problems? 

@ How practical is his approach? 

@ Does he talk the company’s language? 

® Can he provide references from people whose 
work and status carry weight? 

@ Can he provide a clear, rational basis for de- 
termining charges? 








with the candidate and to advise him on self-improve- 
ment possibilities. 


When an individual undertakes an appraisal for 
his personal benefit at his own expense, there is 
always counseling by the appraiser prior to the 
writing of the report. In one case, typical of many, 
findings suggested far greater potential in an en- 
gineering assignment quite different from the ex- 
isting one. Here, the engineer used the written re- 
port as a guide for planning discussions with his 
employer—the first step in a_ self-development 
program. 


> Applications and Values 


The diverse possibilities for use of aptitude ap- 
praisal have been implied in the preceding sections. 
Two areas of application deserve particular attention. 


Self-development: Because it is available to every 
individual, this area of application has the widest 
possibilities of all. It strikes home whenever a per- 
son has misgivings or questions about his own de- 
velopment or progress. The problems are almost 
as variable as the number of people who have them. 

A technician wants to become “a full-fledged 
engineer.” An engineer, who had mediocre grades 
as an undergraduate (which he attributes to im- 
maturity or other factors), is toying with the no- 
tion of getting a graduate degree, and wonders 
whether he has sufficient mental equipment to 
warrant the investment in time, hard work, money, 
and increased pressure on his wife’s domestic bur- 
dens. Another engineer wonders whether his lack 
of progress stems from his own limitations or the 
unreasonableness of his boss. Still another wonders 
whether it would be a good idea to get into sales? 

In each of these instances, aptitude appraisal can 
help erase doubt and guide future steps. 


Organization Plannivs: This application area is 
the company counterpart of self-development. Vir- 
tually every company has a periodic need for re- 
organization to adjust to changes in growth, prod- 
uct lines, market conditions and other factors. This 
adjustment requires making decisions about the as- 
signment of specific responsibilities and authorities 
to individuals and groups. Although a particular 
organization may look good on paper, it always has 
to be reconciled with the abilities of personnel pres- 
ently or potentially available. 

Typical questions asked in organization plan- 
ning include: 


What people have promotional potential? 

What is the nature of their potential? 

What jobs should be eliminated? 

What new jobs should be created? 

What can be done with people whose jobs are abolished? 

What people have adequate ability to perform the work 
they are already doing? 

What jobs will have to be filled by going outside? 

What jobs should be modified? 

How can the abilities of present personnel be used to the 
best mutual advantage of individual and company? 
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Here are some specific examples of how aptitude 
appraisal was employed by various companies in 
organization planning: 


e@ An engineer-president became less involved in direct 
selling. 
Two machine operators were found to have good po- 
tential for work as technicians. 
Not a single member of a company was found to have 
adequate potential for promotion to a sales-engineering 
assignment. 
A design engineer showed good potential for becom- 
ing chief engineer. 
A sales engineer was found to be much better suited for 
straight design engineering. 
A cost engineer whose performance was mediocre showed 
much greater potential for straight engineering work. 
A brillant engineer being considered for hire to head 
up a new department was found to have important 
managerial limitations and, consequently, was success- 
fully assigned to straight creative design work. 
A Ph.D. being considered for hire to head up a new 
department was found to be no better qualified than, 
and in some instances inferior to, members of a com- 
pany’s existing R&D team. 


> Getting Started 


Once the need for aptitude appraisal is recog- 
nized, how does a company put it into action? For- 
tunately, there are many ways of starting. 

The first hurdle, generally, is a semantic one. 
There are many misconceptions of aptitude ap- 
praisal. A common notion is that it just involves 
taking a specific test, or group of tests. However, 
as was shown earlier, aptitude appraisal is a com- 
prehensive five-step process that utilizes various 
information sources. Reading a typical appraisal 
report will help to clear up any misunderstanding 
on this point. 

A second misconception is that aptitude appraisal 
is for “large companies” only, Actually, it can be 
used, and is being used, by companies of all sizes. 

When the semantic hurdle has been surmounted, 
what next? One of the simplest approaches is to 
try out the method on job applicants that have 
survived the usual initial screening procedures. For 
example, after the applicants responding to an ad 
have been screened by interview, perhaps only 
one or two will be left in the running and can be 
appraised. 

Another constructive starting procedure is to use 
aptitude appraisal for guidance in making promo- 
tions. Many companies, particularly those that have 
informed their employees about the company’s plan 
to make promotional appointments, have found that 
the appraisal procedure not only helps to make 
objective comparisons between aspirants, but also 
stimulates interest in self-development. In one com- 
pany, this approach started a chain reaction. Basi- 
cally good employees, who had only limited edu- 
cation and were “dragging their heels,” suddenly 
started enrolling in technical courses. 

A third approach might be described as “the 
stress relief’ method. It applies when the organiza- 
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tion is literally feeling pain because of unsatisfac- 
tory human performance or an acute controversy. 
Examples of this condition are practically limitless, 
but the common denominator is that more extensive 
and more objective information about a person’s 
make-up is needed to resolve a problem, Here are 
some typical cases: 


@ A very able engincer and his boss were at sword’s 

points when the former was refused a promotion to a 
high-level managerial assignment. An aptitude appraisal 
confirmed the boss’s decision to utilize the engineer in 
a very important staff capacity, but there was great 
concern about losing the engineer to a competitor. 
Counseling by the appraiser resulted in the engincer’s 
accepting the findings of the appraisal. 
There were several views within a company on an engi- 
neer’s suitability for sales work. An appraisal helped 
not only to resolve the conflict but also to explain it. 
An engineering manager was getting less than satis- 
factory results from his staff and wondered why. The 
two main findings of the appraisal were: |. He wasn’t 
firm enough in his relations with the staff. 2. A size- 
able gap existed between his ability anc theirs, result- 
ing in his communicating with them without appreciat- 
ing that they couldn’t understand him. 


Still another way to start is to improve, through 
systematic training courses, the interviewing skills 
of company personnel involved in personnel proc- 
essing and decision-making. Properly conducted, 
this approach can lead not only to better screening, 
but also to greater appreciation for the beartraps 
involved in assessing human skills. 

In some instances there may be value in devel- 
oping a battery of selection instruments—applica- 
tion forms, interview guides, and tests—on a re- 
search basis for a company’s own use. Because of 
the ready availability of many testing devices, it is 
all too easy to start a program without adequate 
advice, and to do more harm than good. As is true 
with product design, more than a parts catalog 
and a budget are necessary to do an effective job. 


> A Final Word 


The facts revealed by aptitude appraisal can help 
to utilize to best advantage the abilities that a per- 
son has, serve as a guide for working around his 
limitations, facilitate personal improvement, expedite 
training, and stimulate optimum performance. These 
are potential values, not guaranteed outcomes. 

Aptitude appraisal instruments are undergoing 
improvement and refinement constantly. In its most 
sophisticated and extensive form, aptitude appraisal 
calls for the skills of a specialist. But certain skills 
and tools of the specialist can be taught to the 
layman for many routine applications. 
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indicate liquid level in 
a magnetic gage. The 
indicator consists of a 
column of edge-mag- 
netized, pivoted plates. 
As the float-supported 
magnet moves inside 
the sealed liquid 
chamber, the mag- 
netic field rotates the 
plates 180 degrees to 
expose the opposite 
side. Thus, if the plate 
sides are of contrast- 
ing colors, a visual in- 
dication of liquid level 
is provided. Principle 
employed in a liquid- 
level gage by Jerguson 
Gage and Valve Co., 
Burlington, Mass. 


Macuine Desicn 





At NCR, NE a. IN INA 


Adjusting screw 


Upper arm 


Adjusting screw 


i 2,3/4\516 7 
| 

ae 

| 





May 25, 1961 


Fan-cooled bearing 
eliminates plumbing _nor- 
mally required to provide 
cooling water for bearing 
bracket. Principle employed 
in pump by Byron Jackson 
Pumps Inc., Los Angeles. 


Wedges measure 
parts and control sorting 
gates to classify cylindrical 
pieces by size. When the 
piece being measured has 
been pushed into the wedge 
far enough to displace the 
upper arm, the appropriate 
sorting gate is opened elec- 
trically. After the piece is 
pushed through the wedge, 
its fall is deflected by the 
closed gate. Principle em- 
ployed in sorter by Censor, 
Pruef-und Sortierautoma- 
ten, Vaduz, Liechtenstein. 





Cam-stretched springs 
provide preload force for quick 
opening of a circuit breaker. A 
crank-operated pinion and 
chain arrangement drives the 
sprocket wheel to rotate the 
pivoted cam. At point of maxi- 
mum stretch, the spring link- 
age passes over-center. Spring 
contraction then rotates the 
cam to displace the follower 
to the “off” position. Principle 
employed in a circuit breaker 
by Voigt and Haeffner AG, 
Frankfurt/Main, Germany. 
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Magnetized needles in an 
oil filter trap magnetic wear par- 
ticles with minimum pressure 
drop through the filter. Both 
magnetic and nonmagnetic par- 
ticles are trapped, Principle em- 
ployed in a filter distributed by 
Grade Engineering Co., Spring- 
dale, Conn. 
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Pressure selects the 
output of interconnected 
pumps. If the output pres- 
sure is within the range of 
the low-pressure pump, 
both pump outputs are 
combined. If required pres- 
sure exceeds the capacity of 
the low-pressure pump, a 
piston-controlled valve, 
opened by the high pres- 
sure, unloads the low-pres- 
sure pump. Principle em- 
ployed in a valve by Heil- 
meier & Weinlein, Munich, 
Germany. 





Air filter is swept by 


powered brushes to remove 
particle accumulations. Thus, 
pressure drop across the filter 
is maintained at a constant 
value. Principle employed in 
a filter by Air-Maze Div., 
Rockwell-Standard Corp., 
Cleveland, Ohio. 


Tapered cams control 
speed of the hydraulically 
driven table of a boring mill. 
As the tool holder moves to- 
ward the center of the table, 
the cylindrical cams, rotated 
by the lead screw, operate 
control rods to increase the 
speed of the table drive mo- 
tors. Axial movement of the 
cams permits selection of the 
effective cam size to produce 
the range of table speed re- 
quired for the material being 
machined, Speed contro] prin- 
ciple developed by National 
Engineering Laboratory, East 
Kilbride, Scotland. 
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How to specify 


Fractional- 
Horsepower 
Motors 


Part 2: Mechanical Considerations 


JOHN CAMPBELL 
Application Specialist 
General Purpose Motor Dept. 
General Electric Co. 

Fort Wayne, Ind. 


OMPLETE specifications for fractional-horse- 

power electric motors cover mechanical as well 

as electrical features. Certain physical ckar- 
acteristics, such as mounting provisions, enclosures, 
and shaft dimensions, are outlined in NEMA stand- 
ards.* However, other features not yet included 
in industry standards are equally important in guid- 
ing the selection of an electric motor. 

Complete and pertinent information is the best 
assurance that the motor selected will represent the 
optimum combination of performance, cost, and de- 
livery. This article, which concludes a two-part 
series, points out the mechanical factors which should 
be considered in the preparation of motor speci- 
fications. 

Fig. 11 — Motor for shaft- 

mounted fan or blower applica- 

SF setts se > Mounting Methods 

vide either resilient-base or end 

spite One of the first decisions to be made is the meth- 
od for attaching the motor to a component. Several 


*NEMA Standards Publication MG 1-1959, Motors and Generators. 
Paragraphs from this standard are referenced where pertinent. 
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FRACTIONAL-HORSEPOWER MOTORS 


popular and versatile mountings, both integral with 
and separate from the motor, are discussed here. 


Solid Base: Two types of solid bases are used 
for clamping a motor rigidly to a flat surface which 
is parallel to the shaft. One type is a rigid base 
welded to the motor housing. If the application re- 
quires a special location for the welded base for 


such reasons as access to electric terminals or to ‘ 


lubrication points, the position on the housing should 
be clearly defined. 

The second type is a formed, cradle base. It is 
held on the motor by clamps which fit over the 
hubs on the motor endshields. An advantage is the 
adaptability of the base to all-angle mounting, such 
as side walls and ceilings, by merely loosening the 
straps and rotating the base into position. Also, 
only one type of motor need be stocked even though 
the possible applications require motors both with 
and without bases. 


Resilient Base: Most resilient bases closely resemble 
solid-cradle bases. However, the resilient base is 
clamped to the periphery of rubber rings which are 
secured to the hub on the motor endshields, Fig. 11. 
Motors equipped with the rubber rings usually cost 
more than motors designed for solid bases. In addi- 
tion to providing quieter operation, the resilient 
rings also absorb the torsional vibrations of single- 
phase motors. 


Mounting dimensions for both the solid and re- 
silient bases are standardized by NEMA, Two criti- 
cal dimensions are shaft height and locations of base 
mounting holes relative to the usable shaft, or dimen- 
sions D and BA in Fig. 2a, Part 1. For NEMA 
frame size 48, D = 3 in., BA = 21% in.; for size 
56, D = 3% in., BA = 2% in. Also see MG 1-3.02. 


End Mounting: Often, for such applications as 
fans and ‘blowers, a motor may be conveniently 
mounted on the through-bolts which clamp the end- 
shields to the housing, Fig. 11. The bolts are usually 
extended 3% to 3/4, in. beyond the nut on the pulley 
end. 'For these applications the motors can be pur- 
chased less base. 


Face Mounting: A NEMA Type C mounting is 
a flat-faced mounting on the pulley end of the mo- 
tor, Fig. 12. Also see Fig. 2b, Part 1, and MG 1-3.06. 
For iexample, NEMA defines a size 56C motor as 
having a mounting hole bolt-circle diameter of 57% 
in. and a rabbet diameter of 4!/, in. The four holes, 
located 90 deg apart, have a tapped dimension of 
34-16 UNC-2B. 


Band Mounting: Where standard motors are used 
without" bases, straps' or “belly bands” around the 
housing: clamp the motor against a component. 
Usually, for this method of mounting, the motor shell 
can have no protrusions. 
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Fig. 12 — End-mounted, totally 


enclosed, fan-cooled motor. 


> Enclosures 


Many types of enclosures are listed by NEMA, 
but only a few are common to fractional-horsepower 
motors. The two main categories are the open and 
the totally enclosed motors, 


Open: Motors with open construction are un- 
protected from entrance of foreign particles. Open- 
ings in the motor shell as well as the endshields 
permit external air to pass over and around the 
windings for cooling purposes. Also see MG 1-1.20. 

Open dripproof motors are a variation of the open 
construction. Openings for ventilation are so ar- 
ranged that solids or liquids falling from any angle 
of 15 deg or less from the vertical cannot enter the 
motor. 


Totally Enclosed: Motors which are designed for 
continuous operation at rated conditions but are 
totally enclosed may or may not have a ventilation 
system for cooling. The enclosure prevents free 
exchange of inside and outside air but is not water 
or airtight. Windings are cooled by heat exchange 
rather than by direct entry of cool outside air. Be- 
cause their ability to dissipate heat is less, frame 
sizes are usually larger—and prices higher—than 
for open motors of equal rating. Also see MG 1-1.20. 

Air Over: When an air stream must be directed 
over a motor to meet temperature specifications, 
this requirement must be indicated on the nameplate. 
Also see MG 1-7.105. Totally enclosed air-over mo- 
tors find wide application in air-moving equipment. 
The additional cooling medium permits use of mini- 
mum-size motors at correspondingly lower cost. 

Fan Cooled: An integral fan system cools this type 
of motor, Fig. 12. Performance is often identical with 
general-purpose motors of open construction. How- 
ever, enclosed motors have a service factor of 1. 

Explosionproof, and Dust-Ignitionproof: ‘Totally 
enclosed motors with these types of enclosures can 
withstand an internal explosion of gases or vapors. 
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Fig. 13—Motor with extra-long shaft extension at 
each end for air-conditioning application. 


The construction also prevents internal sparks from 
igniting gases or dust atmospheres surrounding the 
motor. Because of their rugged construction, these 
motors cost more than motors with other enclosure 
designs. 


> Shafts 


Standard shaft dimensions for NEMA frame sizes 
48 and 56 are given in Table 5, Part 1. When di- 
mensional variations are required, they should be 
completely specified. The letter suffix “Z” is added 
to the frame number to indicate nonstandard shafts; 
for example, 48Z, 56CZ. 

Tolerance on shaft length requires careful con- 
sideration. Because of assembly tolerances and de- 
sired end-play, an absolute length is difficult to es- 
tablish. For this reason most motor outlines pro- 
vide an allowance for this variation. Specifying tol- 
erances closer than normal may require that spe- 
cial bearings be supplied and locked in place. Spe- 
cial machining and assembly may also be neces- 
sary. These extra precautions, when close tolerances 
are specified, result in additional cost. 

For corrosive conditions, stainless-steel shafts can 
be supplied. In some cases, rust-resistant finishes on 
shafts are applied as standard procedure. 

Definite mechanical limits determine the maxi- 
mum shaft size that can be brought out through 
the bearing hub of a motor. Oversize shaft diame- 
ters may require use of lighter-series bearings with 
correspondingly lower thrust limits, 

Extra-long shafts can be supplied, Fig. 13, but 
not with equal ease by all sources. Close runout 
limits on long shafts is another factor that increases 
the final cost of a motor. 


> Lubrication and Bearings 


Standards for lubrication are not defined. How- 
ever, both lubricant and bearing are normally de- 
signed for ambients not exceeding 40 C. If an ap- 
plication exposes a motor to extreme conditions of 
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* LUBRICATION 
AFTERJYRS NORMAL OR 
| YR HEAVY DUTY SER 
VICE ADD O1L ANNUALLY 
NO REOILING REQUIRED 
ON LIGHT DUTY APPLI 
CATIONS WITH TOTAL 
OPERATING TIME UN 
DER 25.000 HRS USE 
ELECTRIC MOTOR OR 
SAE 10 OIL 
DO NOT OVER OIL 
TO DISASSEMBLE 
MOTOR REMOVE BEARING 
END CAP ON TERMINAL 
END THEN REMOVE 
SHAFT CLIP BY RE 
LEASING TAB 


Fig. 14—Convenient and permanent method 
for providing lubrication instructions. 


temperature, moisture, or solvents, then special lu- 
bricants or lubricating systems must be considered. 

In most cases the motor manufacturer indicates 
on the motor, Fig. 14, or in literature the recom- 
mended lubrication service. Specific applications may 
require different lubrication instructions than would 
be given for the same motor in a standard appli- 
cation. For example, a sleeve bearing for a light- 
duty fan motor which operates only a few months 
during the summer may require no relubrication. 
However, the same bearing, operating continuously 
or in contaminated areas, may require lubrication 
annually or semiannually. 

Bearings are normally charged with good-quality 
general-purpose greases suitable for standard am- 
bients. When special greases are used, more fre- 
quent lubrication is usually necessary because such 
greases are designed for a specific set of conditions 
and may not have the stability, or life, of standard 
greases. 

The two most common methods of shaft support 
are sleeve and ball bearings. Both types have bene- 
fit, and have found wide use in fractional-horse- 
power motors. 

Sleeve bearings operate more quietly than ball 
bearings, and their unattended service life is con- 
tinually being extended, However, for continuous 
operation or in severe applications, sleeve bearings 
do require more frequent servicing than ball bearings. 

Ball bearings are a must where either axial or 
radial loads exceed the capacity of sleeve bearings. 
While different types of ball bearings are used in 
motors, the most typical are single-shielded bearings 
and double-sealed bearings. In a shielded bearing, 
a metal shield is usually fastened to the outer race. 
The bearing is installed so that its shielded side 
faces the interior of the motor, and a cavity on the 
open side of the bearing is liberally charged with 
additional grease. With removal of the endshields, 
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this type of bearing can easily be regreased and 
serviced. 

Metal shields and synthetic or felt seals protect 
both sides of double-sealed bearings. Lubrication 
is generally limited to the initial grease charge, al- 
though some sealed bearings can be relubricated 
with a hypodermic-type syringe. Double-sealed bear- 
ings are better protected from entrance of contami- 
nants, dirt, abrasives, etc., but they generate more 
internal frictional heat and consequently run at 
higher temperatures than single-shielded bearings. 


> Electrical Connections 


Diagrams showing how to connect a motor to the 
power supply or how to reconnect the windings for 
different speeds, voltages, or reverse rotation are 
supplied on or with the motor. Connection meth- 
ods generally fall into one of three categories. 


Terminal Boards: Split-phase, capacitor-start, and 
some permanent-split capacitor open motors are 
usually offered with terminal boards which are fab- 
ricated of nonconducting compositions and provide 
either mounting studs or spade-type terminals for 
the power connections. Location of terminals and 
nomenclature have been standardized in American 
Standards Association bulletin C6.1, Sections 6 and 7. 

Provisions are usually included on the terminal 
board for making the proper connection on dual- 
voltage motors or for reversing rotation. In some 
cases the leads are reconnected; in others, metal 
a are adjusted to give the desired result, 

ig. 15. 


Terminal Leads: Polyphase, shaded-pole and, many 
times, permanent-split capacitor motors are supplied 
with leads, Polyphase fractional-horsepower motors 
do not use terminal boards. When higher voltages 
are encountered, acceptable distances between ter- 
minals are more difficult to maintain. Wire leads 
offer a practical solution, Leads rather than termi- 
nal boards are furnished with shaded-pole motors 
to save money as well as motor length. NEMA has 
no standards for recommended lead lengths. 

The number of leads brought out on a polyphase 
motor depends on whether the motor is designed 
for single or dual voltage, or for single or multiple 
speeds. Because shaded-pole and permanent-split 
capacitor motors usually have only one speed, only 
two leads are necessary. One extra lead is required 
for each additional speed. When reactance devices 
are to be used with permanent-split capacitor mo- 
tors for speed control, three leads may be brought 
out so the device can be connected in series with 
the main winding only. 


Terminal Blocks: High-volume, automated _pro- 
duction of fan motors has introduced a new type 


126 


of motor connection consisting of male quick-con- 
nect tabs set in molded-plastic blocks, Fig. 13. These 
terminal blocks, which are held in the motor shell, 
simplify handling and eliminate the variety of lead 
materials and lengths previously required on this 
particular type of definite-purpose motor. This ar- 
rangement has resulted in standardization and cost 
saving. Also see MG 1-7.113, MG 1-7.136, and MG 
1-7.137. Sufficient current-carrying capacity is ob- 
tained with 3/16-in. quick-connects, and this size 
is compatible with a minimum size of terminal block. 


> Operating Limitations 


Temperature and abnormal environmental atmos- 
pheres are the two primary conditions which affect 
the selection of insulating materials for motor wind- 
ings. The operating environment may also deter- 
mine whether special treatments or finishes are re- 
quired for protection of other motor components. 


Thermal: Motor windings are usually the limit- 
ing factor with respect to temperature. Where am- . 
bients up to 40 C are expected, motors are sup- 
plied with Class A insulation, which is satisfactory 
for a total “hot-spot” temperature of 105 C. 

When temperature rise of an open motor is 
checked, an allowance for possible “hot-spots” must 
be included. For the resistance method of measur- 
ing temperature rise of open motors with Class A 
windings, the hot-spot allowance is 5C. Thus, for 
open motors a total temperature of 100C should 
not be exceeded; for enclosed motors, 105C should 
not be exceeded. 

Total temperature limits for motors with Class 
B insulation are extended 20 C above Class A limits. 
Fractional-horsepower open motors for operation at 
total temperatures above 120, or above 125C for 
totally enclosed motors, may be difficult to procure. 

Temperature rise, which is combined, with am- 
bient temperature to obtain total temperature, re- 
sults from dissipation of electrical energy in the 
windings. Thus, winding rise for a Class A open 
motor operating in a 40C ambient is limited to 
60 C by the resistance method. 

Because insulation varnish and materials deteri- 
orate when exposed to excessive temperatures, motor 
life suffers. Failures occur because insulation break- 
down causes short circuits in the winding. A com- 
mon estimate is that for every 10C increase in 
operating temperature in excess of recommended 


Table 7—Effect of Motor Temperature 
on Speed 





Cold (Room Hot Hot 
ambient) 


Temperature 


Insulation Class A Class B 


Load Speed* (rpm) 
Full Rated 1750 1725 1705 
At Service Factor 1740 1715 1695 


*Values obtained at rated voltage. 
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limits, winding life is cut in half, Thus, if insulation 
life is assumed to be 10 yr—a reasonable figure 
for normal operating temperatures—a motor operat- 
ing 10C above its rated limit would have an in- 
sulation life of approximately 5 yr. Of course, this 
rule precludes any failure for other reasons, such 
as high line surges. Excessive stops and starts may 
produce continued high temperatures or thermal 
shock. This type of duty, if not factored in, may also 
shorten insulation life. 

Temperature information on motor nameplates is 
often misunderstood if not properly related to per- 
formance and insulation type. Typically, Class A 
insulated open motors having allowable service fac- 
tors are marked for 40 C rise; open-construction mo- 
tors without service factor, 50 C rise; enclosed mo- 
tors, 55C rise. These temperatures are measured 
by the thermometer method and conform to NEMA 
standards. In general, winding rises measured by 
resistance or thermocouple are 10 C higher than in- 
dicated on the nameplate. 


Effect on Speed: As motor temperature changes, 
speed also changes even though the load remains 
the same. At high temperatures, winding resistance 
increases, which reduces current, which reduces mag- 
netic strength, which reduces torque—and speed 
drops in accordance with the speed-torque curve. If 
the total winding temperature does not exceed de- 
sign limits and, of course, while the unit is deliv- 
ering rated output, a fractional-horsepower motor 
normally operates near its rated speed. 

However, where high ambient temperatures re- 
quire Class B insulation, lower speeds are the result. 
This condition becomes a delicate one if the motor 
is operating at a service-factor .load, which is al- 
ready at a speed below the full-load point. Table 7 
is a good example of a hypothetical case. If low 
line voltage were also encountered, the speeds would 
be even lower, since speed varies as the square of 
the voltage. If the speeds in Table 7 were not ac- 
ceptable, one solution would be selection of a mo- 
tor with the next higher power rating. 


Overload Protectors: Two basic types of thermal 
overload devices are used to minimize motor failure. 
One type is sensitive to temperature only; the other 
is sensitive to current as well as temperature, 

Some protectors provide running as well as locked- 
rotor protection to meet the requirements of Un- 
derwriters’ Laboratories Inc. Others provide only 
locked-rotor protection—for instance, in permanent- 
split capacitor and shaded-pole motors, and fan 
applications. All provide some amount of protection 
at all times, but not necessarily within limits that 
insure long motor life—particularly if the motor 
is operated close to its limits. However, some func- 
tional tolerance is necessary to insure that nuisance 
trips do not occur, These tolerance limits are not 
to be construed as good application limits and are 
not recommended as such. 

In many domestic (oil burner) and some farm 
applications, automatic-reset overloads are not satis- 
factory and manual types are required. Manual- 
reset overload protectors prevent the motor from 
becoming re-energized until reset by hand. Usually 
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Fig. 15—Terminall board with sliding plates for 
fast voltage change. Quick-connect terminals on 
power leads minimize hook-up time. 


a reset button protrudes from the motor shell or 
endshields for this purpose. As a general rule, auto- 
matic reset overloads should not be used if the unit 
is manually controlled. 

Automatic resets are designed to reset themselves 
after a cooling period. If the fault still exists, the 
motor cycles on and off until the fault is corrected. 
High ambient temperatures, continuous stall, ab- 
normal voltages, restricted ventilation, or an over- 
load can cause motor tripping. 


Environmental: Occasionally a motor must op- 
erate where abnormal conditions prohibit the use 
of a standard unit. Also, military specifications may 
require unusual environmental protection. Special 
treatments, finishes, and materials are usually avail- 
able to meet the requirements of specific atmospheres 
or ambients. Both external and internal motor pro- 
tection may be necessary. 

An example of an application calling for special 
treatment is a unit that must be prepared for op- 
eration or storage in the tropics. In this instance 
the windings and other components are to withstand 
high humidity and fungus growth. Other treat- 
ments can provide resistance to excessive humidity 
and water and to mild acid and alkaline atmospheres. 

Motor specifications should include accurate de- 
scriptions of nonstandard atmospheres and am- 
bients. While materials normally used in fractional- 
horsepower motors are suitable for the widest variety 
of applications, certain conditions may require omis- 
sion of standard components or substitution of 
special materials. Vague terms such as “boiler-house 
insulation” may carry a penalty—a literal interpre- 
tation could require a more expensive motor than 
necessary. 

If standards referenced in motor specifications are 
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not common, a copy should be included. Variations 
or revisions in military and industry standards may 
also require a similarly positive means for providing 
identically worded descriptions. 


> Application Factors 


Selection of polyphase fractional-horsepower mo- 
tors is rarely a problem and depends primarily on 
power, voltage, and speed. For most applications, 
standard motors have adequate locked-rotor, pull-up, 
and running torques. 

Single-phase motors are used for over 90 per cent 
of the fractional-horsepower applications in the 
U. S. The type of motor selected is determined by 
starting torque and, to some extent, power. All types 
are not available in standard speed and power rat- 
ings, Table &, cr in any choice of enclosure, Of 
course, nearly any combination can be obtained, 
but at the price for a special. 

Probably the most common misconception is that 
the more costly capacitor-start motor is the right 
choice for every job. Since the basic difference be- 
tween split-phase and capacitor motors is load-start- 
ing ability, applications where starting load is light, 
as with fans and blowers, are logically suited for 
the lower-cost split-phase motor. Another example 
is the application where load is applied after the 
motor has reached operating speed—for instance, 
saws and drills. Capacitor-start motors are necessary, 
of course, for such applications as conveyor and 
compressor drives where heavy loads must be started. 


Accelerating Time: Because auxiliary windings in 
capacitor-start and split-phase motors are designed 
to be energized only a fraction of the motor life, 
prolonged acceleration should be avoided. If a motor 
requires more than 5 to 7 sec to accelerate a load 


Table 8—Standard Speed Ratings Available 
for Various Motor Types 











Power 
Rating Split Capacitor 
(hp) Phase Start 
1/8 3450 1625 1550 

1725 1075 1050 
1140 825 
850 


Motor Type 
Permanent Shaded 
Split Cap. vote 


Polyphase 





3450 1625 

1725 1075 

1140 825 
850 


3450 1625 
1725 1075 

1140 825 
850 


3450 f 1625 
1725* 72% 1075 
1140 825 


3450 
1725 


1140 


*Power rotings beyond 1/3 hn. '725 rpm, are usually suitable 
only for direct drive fan applications. 
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before the start winding is deenergized, excess heat- 
ing will usually result and cause early failure of 
the insulation. Substitution of a motor with the next 
higher power rating, or of a capacitor-start for a 
split-phase motor, is recommended. 


Fan and Blower Drives: Unless proved satisfac- 
tory by test, general-purpose capacitor-start motors 
should be selected with care for fan and blower ap- 
plications. The high locked-rotor torque and rapid 
acceleration may cause distorted blales, belt squeal, 
rapid belt wear, and objectionable noise. Where 
split-phase ratings usually stop (1 hp, 1140 rpm, 
from Table 8) and capacitor-start motors take over, 
special moderate-torque designs are recommended. 
These designs have sufficient locked-rotor torque to 
accelerate the load whether belted or not. 

Regeneration: If high-starting-torque, capacitor- 
start motors are used as direct or belted drives for 
high-inertia loads, regeneration may occur. The 
symptoms are moderate to extreme vibration during 
coastdown after the motor has been shut off. When 
the fan or blower is coupled to a duct system, the 
noise is amplified and becomes highly objectionable. 
This problem can be solved or avoided, but the 
initial experience may discourage the use of this 
type of motor on future jobs. 

Cooling Air: Applications which can take advan- 
tage of motors with air-over ratings save in physical 
size and initial expense, especially when integral 
ventilating systems for the motor can be eliminated. 
Of course, the fan or blower must deliver enough 
air over the motor to keep its temperature rise 
within design limits. Most permanent-split capacitor 
and shaded-pole motors have air-over ratings. How- 
ever, they are used only for direct drive and for 
smaller fans and blowers where the air does a good 
job of “scrubbing” the motor. 

Some split-phase motors are now being offered 
with air-over ratings as standard. In low volume and 
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Fig. 16—Air patterns and ratings of their effective- 
ness for cooling the drive motor in typical fan and 
blower applications. Installations with belted 
drives located in the air stream are rated poor to 
moderate in cooling effectiveness. 
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uncommon ratings, shaded-pole and permanent-split 
capacitor motors are expensive because of special de- 
sign costs. Therefore, split-phase motors commonly 
available in every rating are substituted. In addition, 
the power range will be extended since split-phase 
motors are available in both NEMA 48 and 56 
frame sizes. The lower-priced shaded-pole and per- 
manent-split capacitor motors are available only in 
NEMA 48 and smaller frames, 

Specifying the volume of air to be delivered or 
the velocity is usually not sufficient to guarantee a 
good motor selection. The effectiveness of the air 
for cooling is determined by motor size, type, and 
enclosure, as well as by blade configuration and 
size and the type of device on which the blade is 
used. The cooling effectiveness of various installa- 
tion arrangements is indicated in Fig. 16. 

Operating motors beyond their rated limits is not 
recommended, but can be done if satisfactory tem- 





Fig. 17—Sample of duty-cycle graph for 
helping to describe motor requirements. 


j 


Fig. 18—Typical brake motor with electrical braking unit 
integrally housed with the motor. Motor is dripproof, 
totally enclosed, fan-cooled, and has a welded-on base. 


May 25, 1961 


perature limits are maintained. However, such op- 
eration under all adverse field conditions must be 
considered; for example, low or high voltage. As an 
added precaution, all motors with air-over ratings 
should be used only after complete tests prove that 
the application is acceptable. 

Duty Cycle: Application tests seem to be the sim- 
plest and most effective method for selecting a frac- 
tional-horsepower motor for intermittent duty or 
fluctuating loads. Although standard motors are de- 
signed to deliver rated load without thermal dam- 
age, repetitive stops, starts, and reversals can easily 
produce overheating. 

In motor specifications, inertia, the various loads, 
and duty cycle must first be outlined, Fig. 17. Start- 
ing performance is determined by load inertia, and 
power rating is determined by maximum load. If 
plug reversing or reversing from standstill is nec- 
essary, this information should be included. 

Polyphase motors are inherently suitable for in- 
stant reversals or reversals from standstill. Stand- 
ard single-phase capacitor-start and split-phase mo- 
tors are usually suitable for reversing from stand- 
still, but special designs are required for plug re- 
versing. Typical applications having variable loads 
are drill presses and hand-feed saws; ‘for instant 
reversing, grinder beds; for reversing from stand- 
still, garage-door openers. 


Heat Conduction: When a motor is coupled to a 
compressor, heat transfer from the driven unit may 
overheat the motor drive-end bearing. If the heat 
produced is damaging and cannot be dissipated, di- 
rect or close coupling is not recommended. How- 
ever, close coupling may be used with devices that 
aid in carrying heat away from the motor. 


Braking: Two systems for braking are in use: 1. 
Mechanical, by external means. 2. Electrical, with- 
out external devices. 

Mechanical braking requires no special motor 
except for a double shaft when the brake is mounted 
separately. Motors are available with brakes already 
assembled, Fig. 18. 

Electrical braking without external devices can 
be accomplished in several ways; for example, by 
pole changing, with counter-current or plug brak- 
ing, with capacitor shunt, and by applying direct 
current. However, these braking methods require 
special motors and engineering. 


Altitude: Standard fractional-horsepower motors 
can normally be applied at altitudes up to 3300 ft 
above sea level with little concern. However, new 
applications frequently require operation up to 10,000 
ft altitude. 

Because rarefied air at the higher altitudes has 
reduced cooling effect, applications above 3300 ft 
must be given special consideration. A simple ap- 
proximation of the reduction in cooling is that the 
temperature rise will increase 1 per cent for every 
330 ft in excess of 3300 ft altitude. 

ExaMPLe: A motor with Class A insulation is to 
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exceed 40 C, the motor can be considered satisfactory. 

Of course, final determination of satisfactory mo- 
tor operation at altitude may require comprehensive 
testing. 
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be used at 5600 ft altitude at standard ambient. At 
sea level, the temperature rise at maximum load is 
measured as 56 C. Excess altitude over 3300 ft is 
2300 ft. Then, (2300/330)(1) = 6.9 per cent in- 
crease in temperature rise, or a rise of (56) (1.069) = 
59.9C. Therefore, if ambient temperature does not 


> Conclusion 


Information submitted to aid in selecting a motor 
can describe either the motor or the application. 
Motor specifications do not cover any application 


Example la: Select a single-phase motor that will 
start, accelerate, and run its load continuously under 
typical load and voltage variations. Load is estimated 
at 4 hp. 

A sample motor is obtained: Open construction, gen- 
eral-purpose application, capacitor start, 14 hp, 1725 
rpm, 115 v, 60 cps, single-phase. 

Test readings at 115 v are: Power in, 400 w; mini- 
mum starting voltage, 73 v; minimum running voltage, 
77 v; minimum pull-up voltage, 79 v. 

From typical performance curves for the sample mo- 
tor, 400-w input produces a 250-w output, and locked- 
rotor torque is 55.5 oz-ft. 

Since a full 1/,-hp load = 14,(746) = 186.5 w, the 
sample motor has an overload of 250/186.5 = 1.34, or 
34 per cent. However, because a '/,-hp general-pur- 
pose motor has a service factor of 1.35, the 250-w load 
is satisfactory. 

If voltages below 80 per cent of rated voltage will 
operate the motor in the test, sufficient safety mar- 
gin exists. Since (0.80)(115) = 92 v, which is well 
above the test readings for stalling, accelerating, and 
running the sample motor, the motor is satisfactory for 
this application. 


Example Ib: Will a split-phase 40-C motor, which is 
less expensive, do the job? 

Because the major difference between split-phase 
and capacitor-start motors is the starting torque, start- 
ing performance is checked first. Since torque varies 
directly as the square of the voltage, 


Ti V;2 
% Ve 
If V1 73 from Example la, V2 = 115, and Tz = 


59.5, the minimum torque necessary for starting the 
motor is 


9 


73 \ 
( — ) (55.5) 22.4 oz-ft 
115 


But a '%4-hp split-phase motor can produce only 
about 18 oz-ft (from the motor performance curves) 
and is therefore unsatisfactory. 


Examp'e Ic: The next least expensive motor is a 
split-phase, special-service, 50-C motor. Will it be 
suitable? 


This type of motor has no service factor but pro- 
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vides greater starting torque than a normal split-phase 
motor. Since the load is (250/746), or approximately 
14 hp, and locked-rotor torque for a motor of this 
rating is 36 oz-ft, determine whether minimum start- 
ing voltage is less than the 80 per cent (92 v) limit. 
In the voltage-squared formula, T1 = 22.4, Te = 36, 
V2 = 115. Then, 


22.4 % 
V= | <= «a15)2 | = 90.5 v 
36 


Therefore, the special-service motor is_ satisfactory. 
Minimum pull-up and running voltage need not be 
considered since this 14-hp motor has higher values 
than the '4-hp motor tested in Example la. How- 
ever, because special-service motors draw large start- 
ing currents, they should be considered only where 
this is not objectionable. 


Example 2: Select a motor for a belt-driven fan which 
draws some air over the motor. 


Sample motor: 14 hp, 1725 rpm, 115 v, 60 cps, 
split-phase, special-service, 50-C winding rise at rated 
load. 

Test readings for the installation are: Power in, 
490 w; starting voltage, 60 v min; running voltage, 
75 v min; pull-up voltage, 78 v min. 

From the motor performance curves, 490-w input 
corresponds to 305-w output. 

Motor load exceeds the full-load rating of 186.5 w. 
However, since minimum-voltage readings indicate sat- 
isfactory protection and the air-over operation will in- 
crease the thermal capacity of the motor, the applica- 
tion should be checked by a heat run. 


Results of a heat run indicate a winding rise, by 
the resistance method, of 53 C. Since this rise is less 
than the 60 C allowed, the motor can be used to drive 
the fan. 


Example 3: Select an open and a totally enclosed 
motor for direct coupling to a centrifugal fan. The 
motor must operate at 1725 rpm with no cooling pro- 
vided by the fan. 

Sample motor: Capacitor start, 14 hp, 1725 rpm, 
115 v, 60 cps, single-phase. 

Test readings:. Power in, 615 w; starting voltage, 
40 v min; running voltage, 85 v min; pull-up voltage, 
85 v min; operating speed, 1640 rpm. 

From the motor performance curves, 615-w input 
indicates 370-w output. 
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details. A motor is selected simply by matching its 
capabilities with the data on motor rating and me- 
chanical configuration. A brief checklist covering 
pertinent factors discussed throughout these articles 
usually provides sufficient information. 

Application requirements must furnish complete 
information for the job. From this data, a motor pro- 
posal is prepared by the manufacturer. Detailed 
study of the application is required before a mutual 
decision is reached on a specific motor. This type 


of information cannot be covered by a simple check- 
list. 

Typical calculations in Motor Selection Problems 
show how to determine whether a motor meets ap- 
plication requirements and how to obtain the nec- 
essary data for completing motor specifications. In 
nearly all cases, satisfactory selection of fractional- 
horsepower motors can be assured if specifications 
are complete and if standard components are con- 
sidered first in the light of these specifications. 


Motor load is nearly equivalent to % hp (373 w) 
and is too much for a 14-hp motor. In other words, 
615 — 370 = 245 w loss to cool or dissipate in some 
manner. In addition to an excessive temperature rise, 
the 1640 rpm speed would probably be unsatisfactory 
for the blower. Also note that the 370 w represents 
nearly a 200 per cent overload and is well beyond 
the allowable 1.35 service factor. 

To bring the motor speed up to 1725 rpm would 
increase the blower load. Since power P varies directly 
as the cube of the speed, S, or 


P, 8,3 
P»2 8.3 
the required power output would become 


1725 \3 
P= ( ~as | (370) = 429 w 
1640 

For the totally enclosed design, a 34-hp motor would 
have to be considered since the load is in excess of a 
\4-hp rating but within a 34-hp rating and enclosed 
motors have a service factor of only 1. 

For the open motor, determine if the load at 1725 
rpm is within the service factor of a 1-hp 40-C motor. 
Since (429/373) is 1.15, this motor can be applied. 

Because minimum running and pull-up voltages were 
satisfactory even for a '/4-hp motor, they need not 
be checked for the '-hp motor. 


Example 4a: Select a 40-C motor (open type with 
service factor) with starting current within NEMA 
linsits for a constant-torque load. 

Sample motor: Split phase, 14 hp, 1725 rpm, 115 v, 
60 cps. 

Test readings: Power in, 265 w; starting voltage, 
58 v min; running voltage, 60 v min; pull-up voltage, 
60 v min. 

From motor performance curves; Power out = 150 w; 
locked-rotor torque = 55.5 oz-ft. 

First, see if the load is within the service factor 
rating (1.35) of a 1/6-hp motor (125 w). Since 
(150/125) = 1.2, a 1/6-hp, 40-C, split-phase motor 
is suitable at least for the load. 

Next, check minimum starting voltage by finding 
the torque required to start the load at 58 v. Using 
the formula in Example 1b, 


T= ( )* (55.5) =14 
= sone . 1 ss 
115 Hh 


Then, since the 1/6-hp split-phase motor produces 16.5 
oz-ft of starting torque at 115 v, the minimum voltage 
at which the motor can produce the torque of 14.1 
oz-ft is 


14.1 % 
V= ee (215)? | = 106v 
16.5 

This same result can be obtained by direct com- 
parison of the 14 and 1/6-hp motors rather than by 
computing the torque required of the ',-hp motor 
and then using the ratio to find available torque for 
the 1/6-hp motor. Since the higher-torque motor re- 
quires a lower starting voltage, the torque-voltage re- 
lationship is an inverse ratio. Let T1 = 55.5 and 
V2 = 58 for the 14-hp motor, and Tz = 16.5 and 
Vi = minimum starting voltage for the 1/6-hp motor. 
Then, 


55.5 % 
| —— (582 | = 106 v 

16.5 
But the recommended minimum, 80 per cent of 115 v, 
is 92 v. Therefore, this motor should not be used. 
(However, since the assumption that starting torque 
varies exactly as the square of the voltage may intro- 
duce some error, a test with a 1/6-hp split-phase 
motor may be justified.) 


Example 4b: Will a 1/6-hp, capacitor-start motor 
fit the application? 

Instead of 16.5 oz-ft starting torque for the 1/6-hp 
split-phase motor, the 1/6-hp capacitor-start motor pro- 
duces 39 oz-ft of starting torque. Then, using the 
inverse ratio with the values for the '/4-hp motor, 
minimum starting voltage is 


55.5 % 
V= | (58)? | = 69v 
39 


which is well under the recommended minimum. 
Minimum running voltage should also be checked. 
From performance curves of both motors, maximum 
breakdown torque for the '/4,-hp motor is 35.5 oz-ft; 
for the 1/6-hp, capacitor-start motor, 23.5 oz-ft. Then, 
by the inverse ratio, 
35.5 % 
v= | —- (ey? | = Mv 
23.5 
Since this is also below the 92-v minimum, the 1/6-hp, 
capacitor-start motor is satisfactory. 





Design Considerations for Small Housings 


J. WELDON CADE, Senior Engineer, Aeronutronic, Div. of Ford Motor Co., Santa Ana, Calif. 


N the design of housings for small electrical de- 
vices, essential electrical requirements, such as 
routing and termination of electrical conductors, 

must be considered at the outset. But mechanical 
requirements—preferred locations for mounting pads, 


RECEPTACLE LOCA- 
TION in housing, 4, is 
faulty because: 1. Long 
cables are required to en- 
able the cover to be re- 
moved without discon- 
necting electrical circuits. 
2. Flexure of the cable— 
required when cover is re- 
moved and installed—can 
cause wire breakage. 3. Ex- 


the instrument when the 


cess wire, fed blindly into : - “ SINGLE - PURPOSE 


cover is installed, can foul 
the mechanism. 4. Such in- 
struments as gyros are dif- 
ficult to check with cover 
installed. These objections 
are overcome in design 5, 


Mounting flange 


COVERS in redesigned 
assemblies ¢ and d have 
only one function—to pro- 
tect interiors. In original 
arrangements, a and 5, 
covers must also carry re- 
ceptacles. Redesigns also 


feature strongest locations 
for receptacles—in or ad- 
jacent to mounting bases, 


for example—cannot be ignored. Housings may 
also need fluid seals. 

As a general rule, mounting pads should be close 
to the center of gravity of the assemblies they carry. 
Reasons are: 


. Assemblies are stable under vibration because there are 
no unbalanced moments. 

. Flexing of cables and distortion of covers are minimized 
during vibration and shock. Weight savings reduce seal- 
ing problems. 

. When attaching or removing multiple-conductor plugs, 
severe loads are imposed on the receptacle supporting 
structure. Location of receptacles on mounting pads 
avoids damage to housings. 


Applications of these practices, and others less 
general, are shown in the following before-and-after 
examples. 


Circle 11-4 on Page 19 for extra copy. Macuine Desicn 





Pressure fitting 


SEALING A RECEP- 
TACLE in a housing, a, is 
avoided by transferring 
the receptacle to a base 
flange, 6 or c. This appli- 
cation is in a pressure 
transducer. Redesigns 6 
and ¢ feature a one-piece 
threaded cover. Original 
could not be threaded lest 
it abrade the O-ring. 
Flange-type cover 


(c) Alternate base 
Ce J 


Se 
Screw-on cover 


LEAKAGE AND DISTORTION characterize a housing, 
a, for an optical instrument. The cable must be fed 
through the grommet at 3. The case is retained by two 
screws C and D. Mounting screws A and B, which go 
through the cover into the inside frame, can distort the 
entire mechanism if the cover does not fit snugly against 
the frame. Numbers indicate six locations where leakage 
can occur. Design 6 eliminates undesirable features. 


Mounting pad 
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HOUSING EXAMPLES ing di Better 
show good application of 
design principles. 








Ordman lock 
ROSS i 


O-ring 





Q ' Main frame 
Sealing washer 
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COVER RETAINING METHODS 
when fluid seals are essential components. 
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The hard-vacuum environment of 
space calls for a new evaluation of seal 
materials. Elastomers that are ade- 
quate for sealing lesser vacuums may 
be too permeable and allow molecular 
leakage. Other materials partially sub- 
lime in hard-vacuum environments. 
Summarized here are design concepts 
and results of latest studies on mate- 
rials for hard-vacuum re-usable seals. 


EALING a system from hard vacuums—pres- 
sy sures below 1 x 10° mm Hg—involves de- 

sign considerations beyond those required for 
conventional sealing applications. Air leakage 
through an effective hard-vacuum seal is molecular 
in nature, and materials must be selected accord- 
ingly. In addition, the detrimental effects of vac- 
uum environments on elastomeric materials become 
critical. These factors as well as those concerning con- 
figuration of seals must be carefully considered for 
proper seal design for hard-vacuum systems. 


> Effects of Hard Vacuum 


Hard-vacuum environments cause some materials, 
such as plasticizers in elastomers, to volatilize, others 
to sublime. Some authorities contend that all elas- 
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Hermetic Sealing 


The purpose of a hermetic seal is to allow 
no transfer of gases or vapors from one area 
to another—to preserve the contents of a 
container in some steady state. Design in- 
terest in hermetic sealing is centered upon 
protecting electronic components from at- 
mospheric dust and water vapor. 

By definition, a pressure differential across 
the seal is not a requirement. However, the 
military specification MIL-S-8484 requires a 
nominal one-atmosphere differential across 
the seal for testing purposes only. Interest 
in testing items to this specification led to 
the conclusion that the easiest way to pro- 
vide the pressure differential across the seal 
was to draw a vacuum on one side of it. 
The alternative would have been to pressurize 
one side of the seal to 14.7 psi. Since most 
tests are conducted with the vacuum method, 
the data obtained are also applicable to 
vacuum sealing. 


Vacuum Sealing 


Commercial vacuum systems operate at 
pressure levels between 8 X 10°! and 1 X 
10°* mm Hg. Total pressure across the seal 
cannot exceed 14.7 psi. 

Some typical applications using commercial 
vacuum sealing are: 1. Vacuum distillation of 
chemicals. 2. Vacuum steel-melting furnaces. 
3. Vacuum food-packing processes. Effective 
vacuum seals are required for such systems 
to minimize the amount of energy needed to 
pump the system down and to maintain 
the vacuum when the pump is shut off. The 
main concern in this area is to minimize 
leakage across the seal. 


Hard-Vacuum Sealing 


Hard-vacuum systems operate at pressures 
below 1 X 10°° mm Hg. It is in this range 
where material characteristics (with regard to 
outgassing and sublimation) are critical. 

Generally, the smallest measurable bubble 
leak (visible to the naked eye) is of the order 
of 1 X 10-3 cu cm per sec (3.6 cu cm per 
hr). It follows then that 1 X 10°* cu cm 
per sec is zero or molecular leakage. De- 
sign interest in the hard-vacuum field is con- 
cerned with leakage rates as low as! X 10° 
cu cm per sec (31.6 cu cm per yr) for a 
typical seal assembly, This leakage has been 
proved to be molecular in nature because 
gases leak at different rates through a given 
seal. Permeability of the materials depends on 
molecular structure. 
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tomers have vapor pressures between 1 x 10-* and 
1 x 10° mm Hg, and that the material sublimes 
selectively as these pressures are reached in a hard- 
vacuum system. 

Another opinion is that vaporization of polymers 
must be preceded by depolymerization. Thus, the 
large, complex macromolecules of a material like 
vulcanized rubber would be reduced to the original 
monomers, and these monomers would vaporize 
selectively, dependent upon individual weight. Bu- 
tyl rubber, for example, would be devulcanized first, 
then the isobutylene monomers would be separated 
from the polymer chain. Weight loss due to va- 
porization is also dependent upon geometry, since 
only those monomers at the surface are removed. 
Studies performed on meteorite decomposition verify 
the concept of progressive surface decomposition of 
macromolecules in hard vacuums. 

Recent work in this field has produced evidence 
partially in support of both viewpoints. It was found 
that certain rubbers do sublime at a rapid rate in 
the pressure range of | x 10-7 to 1 x 10-8 mm Hg. 
Yet this sublimation was a surface phenomenon. 
Samples were badly eroded on their surfaces, but 
they did not completely sublime. On the other 
hand, some polymers were almost unaffected at a 
pressure of | x 10-° mm Hg. 


> Sealing Materials 


Much current interest centers upon the effects 
of near space and on engineering materials for 
space components. The pressure of this area of 
space is between | xX 10°* to 1 x 10° mm Hg. 
These hard vacuums are known to erode metals 
such as cadmium and magnesium. 


Fig. 1 — O-ring in improper 
gland for low-pressure sealing. 
Assembly is shown, a, under no 


One approach in the studies of rubber materials 
for hard vacuums has been to examine elastomeric 
materials which have low vapor pressures. However, 
vapor pressure is not the only parameter to be con- 
sidered. For example, although silicone rubber has 
a very low vapor pressure, it has high air-per- 
meability, Tabla 1. A ser! made of silicone rubber 
would allow the air pre ~¢ in a space component 
to leak out rapidly into the hard vacuum. 

Low leakage rates are obviously obtained with 
seals fabricated from materials possessing low per- 
meability characteristics. Like solvents, different 
gases have different rates of travel through a given 
material. Conversely, a single gas (in this article, 
only air is considered) travels through different 
materials at different rates, To maintain pressures 
for long periods, seals must cope with molecular 
leakage. Surveillance satellites, for example, which 
are to remain on station for several years, particu- 
larly need reliable molecular seals. 

Butyl and Viton synthetic rubbers were selected 
for study because their properties suit most vacuum- 
sealing applications. Butyl: is the least permeable 
material, and it offers low radiation-deterioration 
characteristics. Viton, a fluoroelastomer, is among 
the most stable materials where heat and fluid 
resistance are required. Typical leak rates through 
these materials under various conditions are shown 
in Table 2. Neoprene and nitrile rubbers would 
be applicable for less critical systems. 


> Hard-Vacuum Sealing 


In space applications, two considerations are crit- 
ical insofar as seals are concerned. One is the ef- 
fect of hard vacuum on the physical properties of 
the material; the other is the effectiveness of the 
seal in maintaining Earth’s atmosphere within the 





pressure; 6, with low pressure 








applied; c, with high pressure 
applied. Low-pressure applica- 
tion causes some portions of the 
seal to roll, breaking line of 
sealing contact. 

















Fig. 2 — Molded-in-place seal. 
Controlled ratio of elastomer 
volume to gland void maintains 
same configuration after assem- 
bly at any pressure level. Com- 
bination seal is shown, a before 





assembly; 6 after assembly. 
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vehicle or individual component. 

Vacuum sealing imposes an undesirable condi- 
tion not present in hermetic sealing—the slight 
movement of the seal in response to the pressure 
differential across it. This movement is augmented 
by a slight shrinkage of the rubber due to the 
vacuum. 

In aircraft, movement of seals used in access 
doors and wing panels has been overcome by the 
use of molded-in-place seals. Logically, vacuum 
seals must employ the same closely controlled seal- 
ing principles if they are to be completely reliable. 

Slight movement of a seal can displace the ma- 
terial enough to break the line of sealing contact. 


Missile-bulkhead seal assembly 
combines nine seals into a sin- 
gle, compact component. 





Table 1—Air Permeability of Elastomers 


Elastomer 





Permeability* 
(cu em per sec) 





Butyl 0.32 « 10-7 
Thiokol 0.37 
Nitrile 

(high acrilonitrile) 0.41 
Hypalon 8-2 0.7 
Kel-F 0.80 


Nitrile 

(low acrilonitrile) 
Viton A 
Polyurethane 
Chloroprene 
Acrylon EA-5 


-oooo 
@ =I Ge 


Hycar 4021 

SBR (GR-S) 
Natural rubber 
Fluororubber 1F4 
Silicone 


Brow ASoHDo 


— 
FO pro 
—s 





*Permeability is expressed in cubic centimeters of air 
(corrected to standard temperature and pressure condi- 
tions) per second which will permeate through 1 sq cm 
of material, 1 cm thick. Pressure differential across the 
sample is 1 atm, temperature of test is 176 F. Perme- 
ability values shown are for typical reinforced compounds. 

Data is from: R. A. Hayes, F. M. Smith, W. A. Smith, 
and L. J. Kitchen—‘‘Development of High Temperature 
Resistant Rubber Compounds,’’ WADC Technical Report 
56-331, February, 1958. 
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Table 2—Molecular-Seal Air-Leak Rates 


Tem- Leak Rate§ 

pera- (cu cm/ 
Seal Seal Retainer ture yr/in. 
Type Material* Material+ (F) 








Al or SS —65 
+75 

Vacuum Butyl Al or 8S —65 
(to 1 x 10-7 mm Hg) +75 
+250 

Viton ss —65 

+75 

+300 

+400 

Hard Vacuum Viton —65 
(below 1 x 10-7 mm Hg) +75 

+ 300 
+ 400 


Hermetic Butyl 





*Compound must be high grade, containing no volatile extenders. 
tAl = aluminum; SS = stainless steel. 
§Leak rates are typical values based on conversion of helium rates. 


LL 


A 




















Fig. 3—Combination seal assembly 
with included pump-out area. 


If insufficient force is generated by the system 
pressure to re-establish a seal on the interfaces of 
the sealing surfaces, the seal is ineffective, Fig. 1. 
The controlled rubber-volume-to-void relationship 
in the seal design of Fig. 2 eliminates the problems 
of low-pressure roll-out and movement of the seal. 
This configuration also creates a high contact- 
loading pressure at the sealing line which increases 
the flow of the rubber into the micro-irregularities 
of the sealing interface. 

Surface finishes on seal retainer flanges are gen- 
erally not critical—surfaces as rough as 250 rms 
have performed satisfactorily. However, a maximum 
roughness of 125 rms is recommended. Fine sur- 
face finishes—as smooth as 8 rms—have no ad- 
verse effect on molecular-seal efficiency. 

Metal-to-metal contact is the only requirement 
for clamping or bolting sealed members. This is 
usually of the order of 40 lb per linear inch of seal. 

Some seal designs employ a pump-out area be- 
tween two lines of sealing contact, Fig. 3. However, 
such seals cannot be tested accurately by the helium 
leak-test procedure. If normal practices are fol- 
lowed, the exterior seal is in contact with helium 
and the interior seal of the assembly is under vac- 
uum. Under such conditions, a molecular air leak 
can exist across the interior seal from the pump- 
out area and yet no leakage signal would be ob- 
served on the mass spectrometer because it takes 
a considerable period of time to pump out the 
helium-free air in the pocket between the seals. 

If this type of data is used to assess the effec- 
tiveness of seals in a system having critical volume- 


137 





SEALS FOR HARD VACUUMS 


pumping capacity, the pumps have to keep up with 
the impossible task of staying ahead of the leaks 
from the pump-out area of the seal. For example, 
if the desired pressure level, Po, is 5 <x 10°° mm 
Hg, and the volume capacity, V2, of the pump is 
8 liters per sec at atmospheric pressure P;, then the 
permissible leak from the pump-out areas would 
be (from PV, PoV2) 


(5 X 10-9) (8000) 
760 ; 


V; 5.25 X 10-8 cu cm/sec 
where V, is atmospheric volume. This amounts 
to 1.67 atmospheric ce per year. Consequently, an 
indication of absolute zero leakage from this type 
of seal as determined from a short-time helium 
leak-rate test may actually mean that the internal 
leaks from the seals exceed the capacity of the 
pump. For this reason, determination of stabilized 
leak rates of one seal at a time are more reliable 
than those of short-term leak rates on multiple seals. 
Despite testing difficulties, seals of this general 
design can improve over-all effectiveness of a seal 
in a space component, In such applications, the 
pumping efficiency of the system would be in- 
finity due to the limitless vacuum capacity of space. 
The vacuum would, of course, be on the cutside of 


i 
; 
: 


Escape-hatch seal on Mercury capsule is 
typical hard-vacuum application where 
effectiveness of seal is vital. 


the seal and-the air lost from the internal pump- 
out area (which would be at atmospheric pressure 
initially), to the vacuum of space would be of no 
consequence. In addition, the pump-out area would 
have to be almost completely evacuated before the 
interior seal, which preserves the atmospheric pres- 
sure in the vehicle, would begin to leak. In general, 
leak rates would be low because of the small pres- 
sure differentials across the individual seals. 


> Test Methods and Results 


Three general testing methods are used to meas- 
ure leak rates across seals for hard-vacuum ap- 
plications. One, the radioactive gas leak-detection 
method, is the best for testing hermetic seals be- 
cause it does not require a pressure differential 
across the seal. 

Another test method uses the helium leak-de- 
tection equipment. This device creates a vacuum on 
one side of the seal. The opposite side of the seal 
is flooded with helium. A mass spectrometer meas- 
ures the helium that passes across the seal into 
the evacuated area. 

The helium leak detector, by virtue of its vacuum 
operation—in the range of | x 10° tol x 10°* mm 
Hg—is suitable for testing seals for hard-vacuum 
systems as well as those for hermetic applications. 
Seal assemblies designed for such systems, tested by 


Molded-in-place seal assemblies for 
standard ASA pipe flanges provide ef- 
fective, re-usable vacuum or pressure 
seals for many applications. 
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Table 3—Weight Loss of 
Elastomers in Hard Vacuums 


Pressure Weight Loss 
(mm Hg) (per cent) 


1 X 107 2.0 
A 2X 10°8 31.0 
B 3X 108 24.3 
C 18 X 10° 2.1 
D 2.0 X 10° 2.3 





Elastomer* 








*Designations of compounds are arbitrary. A and 
B are butyl formulations; C and D are Viton-base 
compounds. 


Table 4—Typical Air-Leak 


Rates for Butyl Seals 
(compound A of Table 3) 





Leak Rate 
(cu cm/yr/in. 
of seal) 


5.0 X 10°¢ 0.15 


Pressure 


Method (mm Hg) 





Mass spectrometer 
(Helium leak detector) 

Radioactive gas 760 

Pressure decay 
(Ion-vacuum pump) 


0.0008 


2.2 X 107 
2.2 X 10° 


0.0011 
1.2200 











the helium method, have been observed to have leak 
rates of 0.01 to 0.50 cc per yr per in. of seal. 

For the harder vacuums—pressures of | x 10-6 
and less—more complex test systems are required, 
both to achieve the vacuum and to measure leak 
rates. The test results in this range, Table 3, were 
obtained with the use of a facility consisting of a 
fore-pump, a mercury-diffusion pump, and an ion- 
vacuum pump, all connected in series. 

Tests at a simulated altitude of 275 mi (1 xX 
10-7 mm Hg) on a standard hermetic-seal butyl 
material showed a weight loss of only 2.0 per cent 
after six days. This negligible loss can be attrib- 
uted to loss of the usual simple volatiles in the 
elastomer. No erosion was apparent after the test. 

Tests on the same material at 2.2 x 10-7 and 
2.2 x 10-8 mm Hg showed that, at the lower pres- 
sure, the leak rate was over 1000 times greater 
than that found at 2.2 x 10-7 mm Hg, Table 4. 
Results of a second weight-loss test showed the rea- 
son—at a vacuum or 2.0 x 10° mm Hg, the 
weight loss of the specimen was approximately 31 
per cent. Therefore, about 3.0 x 10°° mm Hg is 
the lowest pressure which can be effectively sealed 
with the butyl compound. 

Other hard-vacuum tests at pressures as low as 
5 x 10° mm Hg show that elastomeric materials 
will seal satisfactorily in the region of near space 
and that applicaiiuns in the laboratory-equipment 
area can be extended to even more sophisticated 
designs. The theory that rubber seals will sublime 
below 1 x 10° mm Hg has been disproved. 

These recent test programs have expanded the 
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Vacuum test chamber is effectively 
sealed with re-usable molded-in- 
place butyl seal. Chamber oper- 
ates at 1 X 10°’ mm Hg. 


horizons of vacuum engineering. It is conceivable 
that the re-usable molecular seal will make pos- 
sible research in commercial processing and test- 
ing areas not now considered feasible. 


Tips 
and 
Techniques 





Spur-Gear Measurement 


When the wire-measurement specification for a 
spur gear is known for a given wire size, it is possible 
to measure over a slightly different pin size. 

1. Find the pressure angle ¢ of the pins at point of 
contact: 

> a Dy 

ee ae 
where D, = diameter of base circle; My = measure- 
ment over the standard pin; and G = diameter of 
standard pin. 

2. Calculate the measurement, Mo, over the non- 
standard pin: 


Mz = M, + ((AG)X(1 + ese $)] 


where AG = difference in diameter between the 
pins. The sign preceding the bracketed quantity is 
minus, unless the nonstandard pin is larger than the 
standard.—Paut B. Swecer, Rockford, IIl. 





More Sophistication in 
Home Movie Design 


For the projector . . . ultrasonic control 


In the camera... through-the-lens light meter 


Guesswork is taken out of taking and showing movies by au- 
tomatic controls borrowed from the production line and labora- 
tory. A new viewing system lets the photographer see the 
scene through the camera’s eye. Electric eye for exposure con- 
trol also “looks” at the scene through the camera’s lens. Two- 
speed power zoom with optional manual control adds to the 
novice’s ability to produce professional results. For viewing 
there’s an ultrasonic control that lets the home showman con- 
duct the show from his seat. 


ULTRASONIC projector con- 
trol permits remote oper- 
ator to turn the projector 
off or on, switch from for- 
ward to reverse, stop for 
still pictures, and control 
room lights—all from his 
seat. He still has to put 
the film on the camera, but 
automatic threading takes 


1 
RP EE ai PHOTOCELL operates only on light that has passed through 


the camera lens. Therefore, it does not react except to 
light that is in the picture area. As the zoom lens changes 
Camera and projector are made by the area of coverage, the reaction of the electric eye matches 
Bell and Howell Co., Chicago. exactly the changing field of view. Sensitive cadmium 
sulphide photo-resistor was used instead of the more usual 
selenium cell. Since cadmium sulphide does not generate 
electricity, a tiny mercury battery supplies power for the 
electric-eye system. 


Battery-operated zoom lens has two speeds—slow for or- 
dinary filming, fast for slow-motion shots. Special effects 
can be produced by hand operating the zoom lens. Four 
flashlight cells power the zoom motor. 


Through-the-lens reflex viewer uses semipermeable mirrors 
to view the scene that is being taken by the film. It has a 
small ground-glass patch for sharp focusing. 
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Dehumidifier Reactivates Desiccant 


While Running 


Usinc only one sixth as much desiccant as comparable 
units, a new air dehumidifier keeps operating indefi- 
nitely because the desiccant is continuously reactivated. 
A unit large enough to remove 40 Ib of water per 
hour weighs only 500 Ib and occupies 50 cu ft. It 
can be set to remove either 20 or 30 lb per hour. 
Other units are built with capacities ranging from 
4 lb per hour to 80 lb per hour. The units were de- 
signed to protect sensitive cargoes on shipboard but 
find industrial applications as well. 


MILLWHEEL of honeycombed desic- 
cant works through three quadrants 
of its turn—is reactivated by coun- 
terflowing heated air in the remain- 
ing quadrant. It makes 6 revolu- 
tions per hour. 














sector 
Dry air fan 


Air Flow Diagram 


ROLLS form transmission and bear- 
ings for the desiccant wheel. De- 
signers calculate it takes 0.6 kwh to 
remove 1 |b of water from the air. 
Warm, humid air from the reactiva- 
tion chamber is piped out of the 
controlled area. 


DESICCANT dehumidifier is called 
HoneyComb by its developers, Car- 
gocaire Engineering Corp., New 
York City. 
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Electronic ‘Spring Rate’ Controls 
Cable Tension On Deep-Sea Winch 





RESTRAINT on a deep-sea tow is gently main- 
tained in adverse conditions, by a new winch 
that applies a correcting force to hold a con- 
stant tow-line length. Speed of payout and 
tension on the line can also be kept con- 
stant automatically with the winch. Sea 
winch with “electronic spring rate” was de- 
veloped by Clevite Ordnance Div. of Clevite 
Corp., Cleveland, Ohio for the U. S. Navy. 


Tachometer 


ous 


motor 


VARIABLE LEAD on the level winder accom- 
modates cables of different diameters. The 
cable carrier is moved axially along the 
drum by action of a lead screw. Change of 
pitch to compensate for change in cable 

Spring rate diameter is made with gears mounted in 
input the box ai the right end of the level winder. 


Magnetic 
clutch 




















Tochometer generotor ET = ileal 
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motor 
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IN SPEED CONTROL mode of operation, TENSION CONTROL has almost CABLE LENGTH is sensed by a poten- 
preamplifier compares tachometer volt- exactly the same connections as _tiometer, clutch-coupled to the cable 
age with signal on the winch poten- the speed control, but voltage for drum. Change in cable length from 
tiometer and applies a correction, if | comparison comes from a trans- the set value unbalances the bridge 
necessary, to the clutch current. Clutch former in the clutch power circuit circuit. Bridge error signal is added 
output torque is directly proportional | rather than from a tachometer. to or subtracted from voltage of the 
to clutch current regardless of motor Adjustments, therefore, tend to tension control (set for a mean value 
speed or amount of slip. Response is keep the torque of the clutch, when tow distance was established). 
virtually instantaneous, so the control rather than the speed, constant. Variable transformer changes effective 
is readily used as an accelerator with “spring rate'’ from 0 to 12 Ib per 
visual observation of the tow. foot. When the spring rate is set at 
0, the winch control circuit operates 
as a constant-tension device. When it 
is set at maximum, it operates as a 
very stiff spring. 
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Reciprocating Arms Serve Rotary Furnace 


BLANKS for a new 6000-ton 
forging press are heated in a 
rotary furnace. The merry-go- 
round hearth accommodates two 
rows of blanks that progress 
through three pie-shaped zones. 
First zone removes the chill and 
has a high-low control only. 
Second zone brings the pieces 
to the prescribed temperature, 
while the third zone is a soaking 
zone. Manipulator that inserts 
and removes the heavy (109-Ib) 
blanks uses a reciprocating mo- 
tion of its two arms to feed and 
remove blanks from inner and 
outer rows in alternation. Mo- 
tion of the manipulator is syn- 
chronized with a hydraulic mo- 
tor that indexes the hearth. 


Grip 








“Stationary finger 














Grip 
’ cylinder 


cylinder —_ ~ > \ 


GRIPPING ACTION pro- 
vided by movable 
thumb is transmitted by a 
shaft through the hollow arm 
from a piston-actuated crank. A PICKABACK pistons with cross-connected hydraulic lines furnish the recipro- 
(A) cating motion of the arms. Rails guide the arms in paths that converge 
on the center of the rotary hearth. This arrangement makes possible a simple 
forward motion of the carriage driven by a single cylinder. Right-hand arm 
removes blanks from one row while left-hand arm is feeding the other. Furnace 

indexes after two passes of the manipulator. 








©) WATER TROUGH seals the joint be- 
tween rotating hearth and station- 
ary hood. Jack posts allow the hearth 
to be lowered. Furnace design is by 
Selas Corporation of America, Cleveland, 
and is installed in a mechanized produc- 
tion line with a 6000-ton forging press 
at Eaton Manufacturing Co.'s new Marion 
Division, Marion, Ohio. 


iLdidillaaa 








HEARTH is jacked around by a slider-crank mechanism that engages 
notches in the skirt of the hearth. Hoe-shaped indexing arm is kicked 
out of the notch at the end of a stroke by a kick-out pin at the opposite end 
of the crank arm. Recovery stroke is made by reversing the hydraulic motor. 
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Shot cycling 
and cleaning 


he _f% — Shot Blasts Frozen Flash 
srovsrsome” “From Rubber Parts 


Shot impeller 
4::: 666 
eco 


ee SELECTIVE freezing is the new solution to an old 
2 Use 


problem—how to mechanize flash removal on molded 
rubber parts. Earlier processes tried freezing the en- 
tire part with liquid CO, and tumbling it to remove 
flash. Fragile parts often did not survive this treat- 
ment, and internal flash was not removed. Wheela- 
brator Corp., Mishawaka, Ind., has developed a ma- 
chine around the new differential-freezing technique 
that will remove flash up to 0.005 in. thick if part 
walls are at least 0.015 in. 


Endless conveyor 


SLOW turning of parts on the 
endless conveyor exposes all sur- 
faces to CO, spray and shot 
blast. Spraybar (upper front) 
holds liquid CO. under pressure. 
Sudden expansion into a gas 
quick-chills the flash, but the 
chill does not penetrate heavier 
part walls. Motion of the con- 
veyor is not intended to impart 
a tumbling action, which might 
harm delicate parts. Shot blast 
removes the frozen flash. 


INTERNAL as well as external flash is completely 
removed without injury to small parts. 


SHOT BLASTER is a well-known 
piece of equipment with metalwork- 
ers. Its principle of operation is 
very similar to a centrifugal pump. 
A slot in the housing directs tiny 
steel spheres (0.007-0.017 in. diam) 
in the desired pattern. 
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Tips and Techniques 


Graphical Interpolation of Curves 


DIMITRI KECECIOGLU 
Consulting Engineer 
Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 


NUMBER of methods are available for in- 

terpolating or extrapolating families of curves. 

However, they are often too complex or too 
inaccurate to be of practical value. The following 
graphical method provides both simplicity and rea- 
sonable accuracy. 

The example problem illustrated in Fig. 1 shows 
a known family of curves. To interpolate the curve 
for D/d = 1.2, and extrapolate the curve for D/d=2: 

1. Draw line AC approximately perpendicular to 
the family of known curves, then add line AB per- 
pendicular to AC at A. 

2. Lay a linear scale along line AB, with point A 
having the smallest value of the parameter for the 
given family of curves, in this case 1.05. If space 
permits, use an expanded linear scale. Draw per- 
pendiculars to AB at 1.05, 1.15, 1.2, 1.3 and 1.5. 





3. Draw perpendiculars to line AC at the points 
where AC intersects each curve. Draw transforma- 
tion curve AJ through these points. 

4. Establish point F’ by drawing a perpendicular 
from point F on line AJ, to line AC. This is a point 
on the curve for D/d = 1.2. Draw a perpendicular 
from point G to point G’. This is a point on the 
curve for D/d = 2. 

5. Repeat the preceding operations to get sufficient 
points for an -ccurate curve. 

This method can be used to interpolate or extra- 
polate any family of curves plotted on conventional 
co-ordinates. In addition, since the method is based 
on the assumption that any additional curves be- 
have just like those already known, the type of scale 
—linear, logarithmic, ete—has no effect on the 
accuracy of the method. 





Given 
—— — Interpolated 


Extrapolated 























Fig. 1—Family of 
curves showing an in- 





terpolated and an ex- 
trapolated curve. 


Ae 
105 1.15 1.2 13 1.5 2.0 
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concentrations isn’t the 
only way to guard against 
.. fatigue failure. Two met- 
A d ° ° de pes ti Ler gaipet a! : 
~ a to extend 
estZ n 4 ul fatigue life: Heat-treating — 
and surface hardening. — 
But results are not always 


Preventing «eda an, Sm 
Fatigue ” 
Failures 
Part 3—Heat Treatment and 


Surface Hardening 


F. B. STULEN RITICAL stresses at stress concentrations 

Assistant Chief Engineer should not exceed design stress—often called 

allowable or working stress—for the proposed 

H. Pana structural material. Selection of design stresses for 

static loading is not difficult when the mechanical 

W. C. SCHULTE properties, ultimate tensile and yield strength, are 

Chief Metallurgist known. However, for fatigue loading, the problem is 
more complicated. 

Propeller Civ. Many factors affect fatigue strength: Metallurgical 

Curtiss-Wright Corp. treatment, mechanical treatment, environment, num- 

Caldwell, N. J. ber of cycles (perhaps at different stress levels), 

probable scatter in strength values among parts 

made to the same design, etc. The effect of these 

factors can be controlled in part by the designer 

when he specifies a material, For example, he may 

call for specific methods of surface finishing or coat- 

ing, for carburizing or nitriding, etc. Although in 

some cases such things have little effect on static 

strength, they may change fatigue strength appre- 

ciably. Obviously a tabulation of design stresses 

for all commonly used structural materials would re- 
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quire many times the amount of information that 
is now available. In fact, for any given type of 
structural part under certain conditions, the design 
stress must be “custom-made.” One of the best ways 
to do this is to give the material a metallurgical 
(heat) treatment. 

The best foundation for determining a practical 
design stress is an S-N curve, Fig. 11. These curves 
give the par value of design stresses. From this value, 
a design stress can be determined by allowing for 
relevant design and service conditions. 

The two typical S-N curves in Fig. 11 show the 
mean par strength of two steels. The tests for both 
steels were made in the same laboratory under vir- 
tually identical conditions. Each curve is plotted 
from tests on 250 smooth specimens, all made to a 
surface smoothness of not over 5 mu in. rms. Each 
curve represents median fatigue life. 

It is interesting to note that the upper curves of 
Fig. 11, for the 4340 steel, show that large differ- 
ences in speed of cycling have an appreciable effect 
on fatigue strength whereas the lower curve indi- 
cates that 4350 steel shows no particular effect. 
These differences must not be generalized, however. 


Heat Treating 


High design stresses are possible only if there is 
long average fatigue life at a given stress level, 
high average fatigue strength to withstand a given 
number of repeated loadings, and low statistical 
scatter. These characteristics can be improved by 
various metallurgical treatments. The most popular 
is heat treating. 


Tensile Strength: Although the tensile strength 
of most steels and of some nonferrous alloys can be 
improved by heat treating, fatigue strength will not 
necessarily improve at the same rate. For steels 
fatigue limit usually does increase somewhat with 
tensile strength, although the increase is slight. 
In the range of 300,000 psi, there may actually be 
a decrease in fatigue strength. Aluminum alloys, 
above a certain value, show no increase in fatigue 
strength as tensile strength increases. 

The usual procedure in raising the tensile strength 
of a given steel is to lower the tempering temperature. 
Tests on specimens from a single heat of air-melted 
SAE 4340 steel, are shown in Table 1.}-? 

Table 2 illustrates the uncertainty in predicting 
fatigue strength from tensile strength values.* The 
tabulated values are based on three experimental 
air-melted steels. They are of three different chemis- 
tries but all tempered at the same temperature. 

Another illustration of the lack of correlation be- 
tween tensile strength and fatigue strength was given 
by Dieter and Mehl.* They were able to raise the 
fatigue strength of a certain steel by 25 per cent, 


\References are tabulated at end of article. 


Table 1—Fatigue Characteristics of SAE 4340 Steel 


Tempering Temperature (F) 1150 875 650 450 


Ultimate Tensile Strength 
(1000 psi) 143 192 268 


Mean Fatigue Strength 
at 100,000 Cycles (1000 psi) +90 


Mean Fatigue Strength 
at 10,000,000 Cycles (1000 psi) +70 


Ratio of Fatigue Strength 
at 10,000,000 Cycles to 


Ultimate Strength 49 








8. 8 


Alternating Stress (1000 psi) 








of 


Fig. 11—Typical S-N curves, showing mean “par” values of fatigue strength for SAE 4340 
steel, heat treated to Rockwell C 48 and for SAE 4350 steel, heat treated to Rockwell C 52. 
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while slightly (5 per cent) lowering the tensile 
strength. This was done by making some changes 
in the details of the heat-treatment procedure. 

The only definite conclusion that can be drawn 
from the foregoing discussion is that the fatigue 
strength of heat-treatable alloys varies—but does 
not necessarily increase—with the tensile strength. 
A study of the considerable data available on this 
subject shows that mean fatigue strength may be 
anywhere from 25 to 50 per cent of the ultimate 
strength. This range is too wide to be used as the 
sole criterion in deciding on a design stress. 


Grain Size: It is generally accepted that fine- 
grained materials are stronger in fatigue than coarse- 
grained materials. Usually the room-temperature fa- 
tigue strength does increase as grain size decreases, 
although the change is smal! in most cases. However, 
investigators do not agree on the amount of increase. 

In tests, different fatigue strengths have been ob- 
served for materials having the same grain size, Fig. 
12. This indicates that at least one other variable is 
involved in addition to grain size—in this case, per- 
haps surface residual stresses caused by different 
surface finishing methods. 

From the foregoing, only one generalization can 


Table 2—Fatigue Characteristics of 
Three Experimental Air-Melted Steels 


Tempering Temperature (F) 1050 1050 
Ultimate Tensile Strength (1000 psi) 275 315 
Mean Fatigue Strength 

at 10,000,0G0 Cycles (1000 psi) 114 145 


Ratio of Fatigue Strength 
to Ultimate Strength 


Mechanical polish 
Electrolyte polish -—— 


Relative “Push- Pull" Fatigue Limit 





safely be made. Reducing grain size in structural 
alloys may or may not increase fatigue strength. It 
will not, however, decrease fatigue strength at rela- 
tively low temperatures. 


Residual Stresses and Stress Relief: Residual stresses 
are a system of stresses that exist in a body free 
from external force or restraint.5 They can either 
increase or decrease fatigue strength. They can be 
caused by either metallurgical or mechanical treat- 
ment of a metal. Either treatment can produce resid- 
ual stresses that are desirable or undesirable. 

It is generally believed that in a reversed stressing 
cycle, tension causes most damage, while compression 
partially undoes the damage. In a region where there 
is already some residual compression the applied ten- 
sion is partly absorbed in overcoming that compres- 
sion. The net tensile stress is therefore less than the 
applied tension. Thus, there is less damage per cycle, 
resulting in a longer fatigue life or a higher fatigue 
strength. Similarly, fatigue life is shortened and 
strength is lowered by anything that causes residual 
tensile stresses. 

Quantitatively, little is known about the residual 
stresses that are set up, or modified, by heat treat- 
ment. However, an awareness of their existence and 
of their causes enables a designer to use them to bis 
advantage. 

Two major types of stresses are induced by heat 
treatment—-macroscopic residual stresses and micro- 
scopic residual stresses. 

During quenching, macroscopic stresses arise from 
the difference in cooling between the outside and 








80 


ASTM Grain Size 


Fig. 12—Effect of grain size on “push-pull” fatigue strength of 0.35 carbon alloy 


steel. 


Diameter of both specimens used was 0.625 in. 


These graphs show that it 


is inadvisable to rely on grain size alone in determining fatigue strength. 
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the inside of the material. This usually causes com- 
pressive stresses on the outside. Carbon steels and 
alloy steels go through a transformation on cooling 
(austenite to martensite) which causes expansion and 
sets up macroscopic residual stresses. This is the 
reason for the high compressive stresses in case- 
hardened steels (expansion in the case is greater 
than in the core). 

In the case of precipitation-hardened alloys—for 
example, some of the aluminum alloys—some hard 
microscopic particles are rejected from the solution 
because of dimensional incompatibility on the atomic 
scale. During cooling, these particles contract at a 
different rate from the metal that surrounds them, 
causing residual stresses. 

In some steels, hard, nonmalleable spheroidal sili- 
cate inclusions are present. Considerable correlation 
has been found between the size of these inclusions 
and the fatigue strength of certain steels.’ Al- 
though these inclusions are in themselves stress 
raisers, since they interfere with the flow lines of 
stress, they contract considerably less when cooled 
than the steel itself. Resulting residual stress is, for 
a given temperature change, probably less in steels 
having a low yield strength than in those with high 
yield strength, since there is more plastic yielding 


Fatigue Strength (per cent of core strength) 
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in the steel around the inclusion. This provides a 
certain amount of automatic stress relief. 

Additional stress relief is obtained by reheating 
the metal—usually to a temperature just below the 
tempering temperature—holding this temperature for 
a considerable time, and then cooling slowly. This 
process reduces residual stresses by imparting thermal 
energy to the atoms and giving those in the strained 
regions time to move to more stable locations. The 
higher the stress relief temperature, the greater the 
relief. But care must be taken not to exceed the 
original tempering temperature, since that would 
result in drawing some of the temper. This means, 
of course, that generally the residual stresses are 
only partially relieved. A stress-relieved material is 
seldom completely stress-free. 


Surface Hardening 


As mentioned previously, fatigue strength can be 
controlled to some extent by metallurgical treatment 
of the material. In the case of steel, the most com- 
mon method is case hardening by nitriding and 
carburizing. 


Nitriding: The process of nitriding involves heating 





ae 
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Fig. 13—Bending-stress and strength gradients for a 
smooth nitrided steel. Point A represents the maximum 
fatigue strength, at the surface of the nitrided steel. 
Fatigue stress gradients must be flat enough so that core 
fatigue strength is not exceeded (point B). This graph 
points out the danger in over-designing. 
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Radius of Bending-Test Specimen (in.) 








Fig. 14—Possible bending stress and actual 
strength gradients for a carburized AMS 6260 
steel. Core fatigue strength is 180,000 psi. The 
advantages of deep carburization—where it can 
be used—are indicated by the curve. 
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the steel—up to 90 hours in some cases—in the pres- 
ence of ammonia gas. Hardening of the surface lay- 
ers is produced by the (atomic) lattice distortion 
caused by the diffusion of nitrogen into the material, 
and the subsequent precipitation of insoluble alloy 
nitrides.§ This causes the nitrided surface material 
to try to expand. The resistance of the core material 
prevents most—and sometiines all—of the expansion, 
so that residual compressive stresses exist in the 
surface layers. Thus, both a harder surface and in- 
creased fatigue strength are obtained, provided the 
fatigue stress gradient is flat enough so that the 
core fatigue strength is not exceeded. 

Often, failed specimens of nitrided material have 
indicated that the fatigue failure nucleus was in the 
core adjacent to the case, rather than in the hardened 
case. The reason for this is shown in Fig. 13. Line 
OA represents the known fatigue strength of the 
nitrided material (in ver cent of core strength). Curve 
AB represents the fatigue strength of the case. The 
nitriding effect is completely gone at B, where fa- 
tigue strength is only that of the core. This is repre- 
sented by distance OD. Since the specimens tested 
were cylindrical and stressed in bending, the stress 
gradients are as shown by the straight dashed lines 
in Fig. 13. 

The specific case from which Fig. 13 was taken® 
indicates that the steeper the applied-stress gradient, 
the greater the gain in fatigue strength. At the limit, 
with an infinitely large radius (push-pull or axial 
stressing), what little is gained by the thin layer of 
nitrided material is gained because the surface is 
no longer more vulnerable than the core. 

A designer who calls for case-hardening must 
consider carefully the stress gradient in its relation 
to the strength gradient, if he expects to improve 
fatigue strength. Also, he must ascertain whether or 
not tensile strength and impact strength will be 
adversely affected. 


The preceding discussion of the effect of nitriding 
on fatigue strength has been based on tests involving 
smooth specimens. For notched specimens, consider- 
able gains in fatigue strength are possible, provided 
the material is notched before it is nitrided. If the 
specimen is first nitrided, the notch should not cut 
through the case. Effectiveness of the treatment is 
greatest when the material is nitrided in the notched 
condition. Under such circumstances the axial as 
well as the bending and torsional fatigue limit is 
improved. 

Increases may range between 50 and 190 per cent 
of the unnitrided fatigue strength. Tests? on ni- 
trided specimens of tool steel (M-10) have shown 
a notched strength, for rotating beams, of 136,000 
psi, and a smooth strength of 126,000 psi. This 
may allow the use of a smaller K; than would nor- 
mally be possible. 


Carburizing: Increasing the carbon content of the 


outer layers of a low-carbon steel by diffusion in- 
creases the hardenability of the material. Fig. 14 
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shows possible bending stresses and actual strength 
gradients of a carburized steel. 

Although it is unwise to generalize too much from 
the differences between Fig. 13 and 14, it is interest- 
ing to note that deep carburizing can provide higher 
fatigue strength than nitriding, in a much shorter 
time. However, when the higher carbon steel is re- 
quired for greater core strength, case hardening by 
carburization is not practical and nitriding must be 
used. 


Harmful Surface Conditions 


Although improvements in fatigue strength can 
be obtained from surface treatments such as nitriding 
and carburizing, other metallurgical surface condi- 
tions have a harmful effect. Decarburization and 
oxide penetration along grain boundaries are fre- 
quently encountered, and are essentially harmful. 

Decarburization may result from: Attempting to 
leave as-rolled or as-forged surfaces of wrought prod- 
ucts on a final part; not removing sufficient mate- 
rial from wrought products during machining opera- 
tions; inadequate control of furnace atmospheres or 
salt baths during heat treatment. 

The depth and extent of decarburization may vary 
widely, depending upon the origin of the decarburi- 
zation. However, the effect upon the fatigue strength 
is greatest when the decrease in carbon content on 
the surface is most severe. 


Penetration of oxides along grain boundaries also 
produces a marked decrease in fatigue strength. This 
occurs not only in ferrous alloys, but is also frequent- 
ly encountered in aluminum alloys and in copper 
alloys. It may be caused by improper heat treat- 
ment, poor control in welding or brazing operations, 
or by inadvertent overheating during some processing 
operation. 


Part 4 will discuss stress concentrations caused by 
mechanical treatments of materials, and the effect of 
environment on fatigue strength. 
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Fig. 1—Plate stiffened by 
unidirectional reinforcement. 
In this case, b=L. Stiffen- 
ers are shown as bars, but 
any practical structural mem- 
ber may also be used. 











Rectangular Pressure Vessels 


for maximum strength with minimum material 


CHARLES J. LABEE 
Assistant Mechanical Engineer 
Pittsburgh Works 
Allis-Chalmers Mfg. Co. 
Pittsburgh, Pa. 


ON-CODE pressure vessels—those exempt 
from ASME certification—are only required 
to withstand pressures up to 15 psi. But 

even at these relatively low pressures, unsupported 
flat surfaces may distort. 

The obvious way to cope with this problem is to 
make the vessel walls thick enough to ensure ade- 
quate rigidity. In most cases, however, this solution 
leads to unnecessarily heavy wall construction, 
which results in high cost, both in manufacturing 
and transporting the unit. 

One way to ensure maximum strength with a 
minimum amount of material is to use ribbed or 
corrugated plates. Smooth plates can be strengthened 
by using bars or structural members fastened to 
the plates by welding, brazing, riveting, or bolting. 

Two methods are generally used: Unidirectional 
reinforcement, and cross reinforcement. The design 
procedures presented here were developed for use in 
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designing transformer tanks, but can be used for any 
rectangular pressure vesscl. 


> Unidirectional Reinforcement 


When unidirectional reinforcement is used, Fig. 1, 
the first dimension to be established is the maximum 
permissible distance, a, between stiffeners. For a flat, 
uniformly loaded, rectangular plate with all edges 
built in,* maximum stress is (see Nomenclature), 
S = 6M/h?, and the maximum moment at the edges 
is Mmaz = Sh?/6 = Kqa?. The maximum allowable 
stress for a given plate is developed when distance a 
between the stiffeners is 


Sh2 % 
a= ea (1) 
6Kq 


*S. Timoshenko—Theory of Plates and Shells, McGraw-Hill Book 
Co. Inc., New York, N. Y., 1940. 
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where h is an assumed plate thickness which may 
depend on material costs, labor costs, etc., and K 
is a constant depending on the b/a ratio, Fig. 2. 
From this information, the least number of stiffeners 
required can be calculated, Next, 


l_— nw 
n+1 





Table 1—Equations for Moment 
of Inertia Calculations 
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This calculation yields the actual dimension, a’, be- 
tween stiffeners. 

This value must not exceed a. If it does, the num- 
ber of stiffeners, or their width, should be increased 
as necessary. 

Next, the plate is divided into sections as shown 
in Fig. 2. Each section can now be treated as a beam. 
The width of each beam is 

B=a'+w (3) 
This leaves a piece of plate at each end of the rein- 


Nomenclature 





Cross-sectional area of stiffener, in.” 
= Maximum allowable distance between stiffeners, in. 
Actual distance between stiffeners, in. 
Width of beam, in. 
Free-plate dimension, in. 
= Distance from neutral axis to outermost fibers, in. 
Number of horizontal stiffeners (cross reinforce- 
ment) 
Plate thickness, in. 
= Plate thickness in horizontal direction, in. 
= Plate thickness in vertical direction, in. 
= Moment of inertia of beam section about top of 
plate, in.* 
= Moment of inertia of reinforcing member about 
neutral axis, in.* 
= Moment of inertia of beam section about neutral 
axis, in.* 
= Constant for moment calculations 
= Dimensions of plate sides (unidirectional reinforce- 
ment), in. 
Dimensions of plate sides (cross reinforcement), in. 
Moment, lb-in. 
Maximum moment on a plate, lb-in. 
= Number of vertical stiffeners (cross reinforcement) 
= Number of stiffeners (unidirectional reinforcement) 
= Pressure on vessel wall, psi 
= Design (yield) stress, psi 
Depth of stiffener 
Load intensity, lb/in. 
> Width of stiffener, in. 
Distance from neutral axis of beam section to top 
of plate, in. 
= Section modulus in horizontal direction, in.® 
= Required section modulus, in.* 
Section modulus in vertical direction, in.’ 











Fig. 2—Values of K as a 





function of 6/a ratio. For 
unidirectional _reinforce- 
ment, assume 6/a > 2 to *« 





maximize K. then adjust 006 
if necessary. For cross re- ° 
inforcement, K = 0.0571. 
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Design Examples 
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Method 1: A rectangular pressure vessel must be de- 
signed to withstand an internal pressure of 15 psi. 
Material is mild steel. Determine the number, type, 


and position of the stiffeners required for unidirec- 
tional reinforcement. Plate thickness is to be 0.375 in. 


Fe 








| 
| 


Assume b/a > 2 to give a maximum value of K. 
Then, from Equation 1: 


¥ [ 3(10)4(0.375)2 
6 (0.0829) (15) 


71% 
= 23.8 in. 


Thus, a’, the distance between stiffeners, cannot be 
greater than 23.8 in. Two stiffeners will be needed. 
Checking the actual value of b/a, 


b 55 


—— = 2.41 
a 23.8 


which agrees with the assumed value. 
Assume that a 5-in. channel is to be used to stiffen 
the plate. Then from Equation 2: 


, _ 80 — 2(5) 
, ete 
3 


— 2; 


-o In. 


which falls within the acceptable range. 
The section modulus must now be calculated. The 
width of the “beam” is, from Equation 3: 


B = 23.3 + 5 = 28.3 in. 
The required section modulus Z, is, from Equation 5, 
28.3(15) (55) 2 


——— == §,35 in.3 
8(3) (10) 


Calculate the section modulus for a plate section 
reinforced by a 5-in. channel weighing 9 Ib per ft. 
From Table | and Fig. 1, 


28.3 (0.375) 8 

——— ] + 
2.63 (1.405)? = 6.35 in.4 

2.63 (1.405) — 28.3(0.375) (0.1875) 


2.63 + 28.3(0.375) 
= 0.264 in. 


I, = 6.35 — [ (2.63) + 28.3 (0.375) ] (0.264) 2 
= 5.42 in.4 


I, = 0.64 + [ 








Distance from the neutral axis to the extreme fiber, 
c = 1.621. Then, finally, since Z = I/c, 
5.42 
Z = —— = 3.34 in 
1.621 
Since the required modulus is 5.35 in.3, a 5-in. 
channel does not have sufficient flexural strength. The 
next standard size is a 6-in. channel weighing 13 Ib per 
in. This size yields a modulus of 5.66 in.? Thus, a 
6-in. channel is suitable. 


y 


Method 2: For the same conditions and requirements 
as in Method 1, determine the number and type of 
stiffeners if cross reinforcement is used. 
From Equation 1, maximum allowable distance be- 
tween stiffeners is, 
% 
] = 23.8 in. 


[ 3(10)4(0.375) 2 
s = a ete 
; 6 (0.0829) (15) 
From Equation 6, 
6 (0.0829) (15) (40)? % 
h, = [ ~ o - pamec | = 0.64 in. 
3(10)4 


Since in the horizontal direction, K = 0.0571, 
[ 6 (0.0571) (15) (40)? 
hp, = ehnietiatintiit ensceseninietncipiaanceasiinn 
3(10)4 
The section modulus must now be found, Equations 
7 and 8, for the plate in both the horizontal and 
vertical directions. 
40(39.7) (10)-2 
ag 6 


% 
] = 0.523 in. 


= 2.64 in.’ 


80 (27.4) (10) -2 
asta age 


= = 3.65 in.’ 

Assume that for practical reasons it is decided to 
use three rectangular-section bars in the horizontal 
direction and two in the vertical direction. Each 
vertical “beam” must then have a section modulus 
Z = 1.32 in? and each horizontal beam Z = 1.216 
in.$ 

Try a 4 X % bar in the horizontal direction. Then, 
from Table 1, 


20(0.375)$  —0.875(4)8 


= 8.352 in.4 
3 3 


_ 2(0.375) (4) — 20(0.375) (0.1875) 


4(0.375) + 20(0.375) 
= 0.1765 in. 
I, = 8.352 — 0.2805 = 8.07 in.* 
Finally, c = 4 — 0.1765 = 3.82 in., and 


8.07 
Z, = —— = 2.155 in. 
3.82 


Since the required section modulus per beam is only 
1.32 in.’, the 4 X % bars are suitable. To check 
whether a smaller bar might be adequate, the previous 
calculations may be repeated for a 3 X % bar. This 
gives a section modulus of only 1.25 in.® Therefore 
the larger bar must be used. 

Because the required section modulus in the vertical 
direction is only 1.216, the 3 X %% bar may be used. 
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forced wall. However, these sections are supported 
and reinforced by the two perpendicular walls, and 
need not be considered here. 

Assume that each beam is simply supported. Then, 
the maximum moment, acting on the center of the 
beam, is 


WL? 
Maz ear a (4) 


where W = Bq. 

Section modulus Z = I/e = M/S, where M is the 
moment on the beam and § is the design stress. 
Therefore the required section modulus is 

2 
6 (5) 
88 

The actual section modulus of the beam must now 
be calculated (from Z = I/c) and compared to the 
required section modulus. Table 1 gives equations for 
determining the moment of inertia. 

A configuration to satisfy the previous conditions 
can now be found by trial and error. When the 














Fig. 3—Plate stiffened by cross reinforce- 
ment. Basically the calculations are similar 
to those for unidirectional reinforcement, but 
they must be carried out in both the hori- 
zontal and vertical direction. 


necessary parameters have been defined, curves, no- 
mographs, or tables, can be used to guide selection 
of a suitable stiffener—channel, angle, etc—and 
to speed repetitive calculations. This method is illus- 
trated in Design Examples (Method 1). 


> Cross Reinforcement 


When cross reinforcement is to be used, Fig. 3, the 
vessel wall must first be treated as a plate rather 
than as separate beams. Initial calculations, however, 
are similar to those outlined for unidirectional rein- 
forcement. 

The distance between stiffeners must be calcu- 
lated and checked. From this analysis, the minimum 
number of stiffeners needed in each direction can 
be determined. It should be remembered that in 
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this method, for b/a = 2, moment about the vertical 
axis, M, = 0.0571 qa’, giving K = 0.0571. 

The next step is to calculate the thickness of un- 
supported plate necessary to withstand the load. 
This thickness must be calculated for both the hori- 
zontal (h,) and the vertical (h,) directions from 

6Kqa2 

h y 3 (6) 


The values thus calculated have only a mathematical 
significance and do not represent actual physical 
conditions. In fact, a disparity in these values is 
to be expected for reasons which will become appar- 
ent. 

Since the section modulus of a rectangular plate is 
Z = bh?/6, then the section modulus of the un- 
stiffened plate in the vertical direction is 


ah,? 


Zy = 3 


and the modulus in the horizontal direction is 


io oe 8 
= (8) 
6 

If the number of stiffeners in the vertical direction 
is m and in the horizontal direction d, the section 
modulus of each vertical beam must be 


(10) 


After these calculations have been made, it is neces- 
sary only to choose stiffeners of the proper configura- 
tion to satisfy the conditions. This method is shown 
in Design Examples (Method 2). 


They Say... 


“As specialization increases due to technological 
advances, engineers become more informed in the 
specialties, and correspondingly less informed in the 
surrounding technologies. While their ‘need to 
know’ has expanded, the corresponding data organi- 
zation to match that need has not kept pace. The 
crux of this problem is engineering communications. 
Engineering communications depend principally on 
the media of engineering drawings, standards and 
related design and application criteria. The engineer 
must have immediate and direct access to all new 
technical developments for his possible application. 
The key to solving this problem, then, is in provid- 
ing a system of engineering documentation that satis- 
fies his needs. A methodical mining of new data in- 
puts is the only way that recent advances in tech- 
nology can be refined, and made available for maxi- 
mum _ utilization.°—Wirt1am S. HurTcHInson, As- 
sistant Chief, Mechanical & Engineering Programs 
Branch, Standardization Div., Armed Forces Supply 
Support Center. 
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Shock-Damping Calculations 


Shock transmissibility curves show how a typical mounting 


system responds to step-velocity shock, and how to simplify 


calculations and adjust damping characteristics to meet 


input shock specifications. 


CARL F. ZOROWSKI 
Assistant Professor of Mechanical Engineering 
Carnegie Institute of Technology 
Pittsburgh, Pa. 


ATISFACTORY design of a physical system to 
withstand mechanical shock requires a knowl- 
edge of the motion of the components of the 
system. In many instances, either portions of or 
complete systems can be approximated for dynamic 
shock analysis by the two-mass serics system in Fig. 1. 
Design of the clastic members to transmit shock 
forces without failure, or to limit the travel of the 
equipment m, require knowledge of the motion of 
the components following shock input to the base. 
Maximum deflections of the elastic members fix their 
design. The shock model investigated here provides 
the base with an instantaneous change in velocity 
after which the velocity remains constant while the 
remainder of the system responds. 
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Fig. 1—Two-mass series system. 
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This model approximates the conditions of shock 
that occur when the base of a system experiences a 
sudden change in velocity or direction of motion. 
Examples are the dropping of crated equipment onto 
a floor, or the change in velocity of a railroad car 
when coupling slack is taken up in starting a train. 
Since only the relative motion of the equipment and 
its support to its base is important, change in velocity 
can be from zero to a finite value, from a finite value 


Nomenclature 





Elastic constant of support spring K, lb per in. 
Elastic constant of equipment spring k, lb per in. 
Mass of support M, lb sec? per in. 

Mass of equipment m, lb sec? per in. 

Damping constant of absorber r, Ib sec per in. 
2mw = Critical damping constant for m-k systern, 
Ib sec per in. 

Equipment shock transmissibility factor 

Support shock transmissibility factor 

Step velocity applied to base B at initial base posi- 
tion, ips 

Vertical displacement of equipment m relative to 
initial position of base B, in. 

Vertical displacement of support body M relative 
to initial position of base B, in. 

%2 — 2%, = Displacement of equipment m relative 
to support M, in. 

Z — £2 = Displacement of support M relative to 
base B, in. 

Vertical displacement of base B from initial posi- 
tion, in. 

VK/M = Natural angular frequency of M-K sys- 
tem, 1/sec 
Vk/m = 


tem, 1/sec 


Wu we ue ue dl 


Natural angular frequency of m-k sys- 





Circle 11-9 on Page 19 for extra copy. 
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to zero, or from one finite value to another, Tabie 1. 

Response characteristics reported here extend 
earlier works on the two-mass series system sub- 
jected to a step-velocity shock. The present investiga- 
tion considers damping between the equipment and 
its support, and determines the effect of damping, 
mass ratio, and frequency on the response of the 
system. No damping is considered between the sup- 
port and its base. 

Results are presented in terms of shock transmis- 
sibility curves, Fig. 2 to 8. These curves permit rapid 
calculation of the maximum displacements of the 
equipment m and its support M relative to the base, 
for known values of the system parameters and the 
intensity of input shock. System parameters include: 
Frequency ratio, #/; mass ratio, m/M; and damp- 
ing characteristics, r/rp. 

In terms of transmissibility factors, maximum rela- 


Table 1—Kinds of Step-Velocity Shock 





One Finite Value 
to Another 


Finite Value 
to’ Zero 


Zero to a 
Finite Value 
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tive displacements of the equipment and the support 
are: 
Vo 


ia 


f. (1a) 


Vo 
tine 


T 1b 
7° (1b) 


when a step velocity Vo is applied to the base. 
Actually, T. represents that portion of Vg which, if 
applied to m and k independently, would provide the 
same peak displacement in m that occurs when Vo is 
the input at the base. If a step velocity Vw were ap- 
plied and maintained at the equipment support M, 
the maximum displacement of m acting as a single- 
degree system relative to M would be given by 
V 


Yimaz = 


By comparison of Equations la and 2, 


Vv, 
T, = 
Vo 


for the same peak displacement. Hence, Tw is the 
ratio of the equivalent shock velocity transmitted 
through the support to the equipment to the step 
velocity applied at the base. Similarly: 

Vo 


ee eee 
a Vo 


where Vo corresponds to the equivalent shock veloci- 
ty which the support sees if it were to act as an 
independent single-degree-of-freedom system to give 
the same response as when subjected to Vo in the 
complete system. 

Two general conclusions can be drawn concern- 
ing the effect of damping on the response of m: 1. 
For a fixed mass and frequency ratio, an increase in 


3.0 4.0 5.060 8.0 10 


— 
Frequency Ratio, Tn 


Fig. 8—Equipment shock transmissibility factor for m/M=1. 
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SHOCK-DAMPING CALCULATIONS 





damping causes a decrease in transmissibility in all 
cases. 2. An increase in damping lowers the fre- 
quency ratio at which resonance behavior occurs. 
Here, resonance refers to the maximum response for 
a given mass and damping ratio. 

The effect of damping, frequency, and mass ratio 
on the response of body M are not as marked. In 
general, increases in mass and frequency ratio cause 
an increase in the transmissibility factor for M for 
all cases considered, as in Fig. 8. The increase, how- 
ever, is very small. Only one curve for damping 
is presented because the effect of damping on To 
is small enough to neglect in all cases except critical 
damping with a mass ratio of one. It is interesting 
to note, however, that damping does cause an in- 
crease—however small—in To. 


Example: A system has been designed to with- 
stand a step-velocity shock of Vo = 10 ips. System 
characteristics are: m = 2 lb = 0.0052 lb-sec? per 
in., M = 10 lb = 0.0259 Ib-sec? per in., k = 50 Ib 
per in., and K = 400 lb per in. This same system 
must be subjected to a velocity shock of Vo = 30 
ips without exceeding the equipment displacement 
experienced under the first shock. How much damp- 
ing must be added between the equipment and its 
support? 

Preliminary calculations: 


k 
o y ——— = 98 rad per sec 
m 


Tips and Techniques 


K 
2= 1 = 124 rad per sec 
M 


w 98 
—— = —— = 0.79 


For any given set of conditions, transmissibility 
Tw is highest when r/r, = 0. Therefore, since the 
equipment can withstand a 10 ips step-velocity shock, 
the r/r, = 0 curve can be used to find the maximum 
transmissibility and, consequently, the maximum dis- 
placement. 

From Fig. 5, with r/r, = 0, To = 2.5. Therefore, 
Y1 mae = VoTw/o = 10(2.5)/98 = 0.258 in., which 
is the maximum displacement the equipment will 
experience under a 10 ips step-velocity shock. 

This displacement must not be exceeded under the 
30 ips shock, so transmissibility must be reduced. 
Recalculating for a 30 ips shock, To = Y1 mazw/Vo 
= 0.258(98)/30 = 0.845. 

Entering Fig. 5 with T. = 0.845, damping ratio 
r/re is found to lie between 0.5 and 1.0, and slightly 
more than 50 per cent of critical damping would be 
required. 

Under a 10 ips shock, with the new damping 
characteristics, the equipment would have a max 


displacement Yi maz = 10(0.845)/98 = 0.086 in. 





Leroy Line Guide 


When a Leroy template is used to letter notes, 
instructions, etc., it is usually necessary to measure 
the spacing between each line of words. To elimi- 
nate this measurement, a permanent guide may be 
marked on each template. 

1. Letter a short line of words on a piece of scrap 
paper. 

2. Move the template down until the proper 
spacing is obtained between the first and second 
lines. 

3. Remove the tracer pin from the letter groove 
and move the tip of the pen point to the bottom of 
the first letter in the first line. Mark the spot where 
the tracer pin touches the template. Make a small 
indentation at this spot about the same size as the 
center mark on the template. 

4. After lettering one row of words, set the tracer 
pin into the indentation on the guide. Move the 
guide down until the tip of the pen is at the bottom 
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of a letter in the preceding row. Then, place the 
pen in its guide and letter the row of words. The 
same procedure is used for each line. F. H. HaprF1etp, 
Stromberg-Carlson Co., Rochester, N. Y. 


Interpolation with Desk Calculator 


Interpolation can be performed quickly on a desk 
calculator if the following formula is used: 


X; = FX. + (1— F)X; 


where F = decimal part of the increment between 
X, and X»; and X; = desired intermediate value. 

As an example, find the logarithm of 1.7238. From 
Equation 1, log 1.7238 = 0.8 (log 1.724) + (1 — 0.8) 
(log 1.723) = 0.23649-—Norman M. WIcKsTRAND, 
Harwinton, Conn. 


Do you have a helpful tip or technique for our other 
readers? You’ll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bldg., Cleveland 13, O. 
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Design and application factors for 


Shaft-Mounted Disc Clutches 


EDWARD C. YOKEL 


Chief Engineer, General Products Div., Twin Disc Clutch Co., Racine, Wis. 


RIME factors in the applica- 
tion of disc clutches are cost, 
function, and environment. At- 
tention here is concentrated on shaft- 
mounted disc clutches which have 
mechanical, hydraulic, or pneumat- 
ic actuation, with dry or oil-wetted 
discs, Usually, oil-actuated clutches 
have oil-wetted plates, and air-ac- 
tuated clutches have dry plates. Me- 
chanical clutches (manually operat- 
ed through a mechanical linkage) 
can have either wet or dry action 
parts and wet or dry plates. 
Representative disc-clutch designs 
are shown in Fig. 1 to 6. Major 
considerations in clutch design and 
application are highlighted in the 
following sections. 


Mechanical Types 


The equation T = P » RN re- 
lates clutch dynamic slipping torque 
T to clamp force P upon the plate 
stack by using dynamic coefficient 
of friction », radius of applied clamp 
force R, and number of working 
faces N. Radius R is equal to fric- 
tion-face outer radius plus inner 
radius divided by 2. The designer 
can now calculate the diameter and 
number of plates required for vari- 
ous combinations. 

Type of actuation will depend on 
application requirements. If springs 





Fig. 1—Toggle-action mechanical clutch. 


ment to the flywheel of an engine. 
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Main features are 
positive overcenter holding action in engaged position, a bal- 
anced lever to prevent selfengagement if the action parts are 
rapidly rotated while the clutch is in neutral, and ease of attach- 


shaft. 


are not needed, overcenter or equi- 
valent mechanical action may be 
adequate. 

Values for engine rpm help to de- 
termine rotative stresses of clutch 
parts and to estimate clutch heat 
load. Other factors must be resolved 
through analysis of available alter- 
natives to provide the best design 
compromise, 


Dry Plates: The dry-friction plate 
has a range of » of 0.18 to 0.30. 
Usually, 0.18 to 0.22 appear in the 
lowest cost plates available with 
molded or cut gear teeth. Woven 


Fig. 2—Spring-loaded clutch. This clutch stays engaged or dis- 
engaged without the operator holding either position. 
poses no engaging or disengaging forces upon the engine crank- 
Industrial engines having flywheels available for toggle 


It im- 


type clutches can receive this spring-loaded clutch. 


Circle 11-10 on Page 19 for extra copy. 
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giant guardian... 


Faw football fields could be laid out on the flight 
deck of the giant, nuclear-powered U.S.S. Enterprise— 
the world’s largest ship. But size isn’t the only dimension 
that makes the Enterprise outstanding. Pressurized water 
nuclear reactors, producing over 200,000 horsepower, 
will drive her at speeds in excess of 25 knots. She will 
be able to sail the seven seas for several years with- 
out refueling. 

Carlson corrosion and heat-resistant stainless steel 
plate was used in this huge Attack Aircraft Carrier, and 
in her nuclear power plant. The builders of the Enterprise 
have confidence in the stainless plate produced by 
Carlson specialists. Exacting quality standards and de- 
pendable delivery result from such specialization. 

Whether you are building a gigantic ship, a nuclear 
power plant, or corrosion-resistant process equipment, 
we can help you make it best. For practical assistance 

in filling your requirements for stainless 
sie plate in a wide range of grades and sizes, 

+ contact Carlson. 

re Our new booklet, “Producing Stainless 
. © Steels ... Exclusively,” is available. Write for 
your copy now. Circle 285 on Page 19 


Photograph of the launching of the U.S.S. Enterprise. 
Courtesy of Newport News Shipbuilding & Dry Dock Co. 


OFFICIAL U.S. NAVAL PHOTOGRAPH 


G.O.GERASOW Zc 


Producers of, Stainless Steel 


142 Marshallton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


Plates © Plate Products © Heads © Rings © Circles « Flanges © Forgings * Bars and Sheets (No. 1 Finish) 





DESIGN ABSTRACTS 












































































































































. 4—Hydraulic-action clutch. The design at left, having the 
oil int~oduced through the shaft, has minimum length. When 
istruction, gear box arrangement, or other conditions 


guill 


asbestos in molded plates or facings 
give » of 0.22 to 0.26 at some high- 
er cost, and dry sintered metal gives 
pt of 0.16 to 0.30. 

The molded plate or facing has 
asbestos or other fibers, a binding 
resin, and may have other inert 
fillers of organic nature, and wires. 
These are selected to give tensile 
strengths of about 5000 to 8000 psi, 
densities of about 0.06 to 0.10 lb per 
cu in., overheating failures of non- 
lubricative powders to keep p rising 
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Fig. 3—Roller-cam type clutch. Usually 
this type is selected for compactness. Due 
to cam friction, this type performs best 
in an oil atmosphere. 


162 





is selected. 


as heat develops, and resistance to 
wear such that 1000 to 2000 normal 
engagements cause only 0.006 to 
0.008 in. wear. 

Sintered-metal plates usually have 
about 0.10 max. wear ajlowance per 
side or 0.20 in. total for dry plates, 
and can be made as thin as 0.015 in. 
per side. If the smaller space require- 
ment of the higher-cost sintered- 
metal plate gives a net overall clutch 
saving in length and dollars, the 
choice would be sintered metal. 
When sintered metal is forced into 
a destructive heat range, it doesn’t 
take very long to badly warp the 
plate and completely destroy it. The 
destructive heat range is higher for 
sintered metal than for molded as- 
bestos. 

Molded plates fail at the surface 
and failure progresses more slowly 
into the plate body, giving it the 
peculiar ability to partially fail, have 

-an adjustment made to compensate 

for worn away material and then 
return to its original torque capaci- 
ty. An offensive odor accompanies 
molded plate overheating which 
alerts the operator to trouble and 
often permits corrective measures in 
time to save the plate. 

A standard selection test for fric- 
tion materials has been particularly 
helpful to design decisions. For wear 
evalutaion, 2000 engagements are 
run at the rate of about 150 per 
hour, with each engagement caus- 


indicate the need for the higher actuating pressure to be intro- 
duced directly to the clutch, the design at right, with collector, 


ing 0.392 Btu per sq in. to be ab- 
sorbed in the clutch, The plate is 
loaded to give an average potential 
of the clutch of 0.4 Btu per sq in. 
per sec, and the slip time becomes 
approximately | sec, Plates intended 
for heavy-duty usage usually show 
0.004 to 0.007 in. total plate thick- 
ness wear with only about 0.001 
to 0.002 in. total on the two mating 
cast iron surfaces. Plates intended 
for standard-duty rating usually 
wear during these runs about 0.006 
to 0.014 in. The plates level off at 
about 450 F throughout most of the 
clutch body during this run. 

The “fade” portion of the test 
cycle is a 20 sec engaged period, 
with a 40 sec disengaged period, im- 
mediately repeated to plate fade. 
All of this testing is at a constant 
1200 rpm irregardless of » and at 
33 psi plate swept area loading. 
When » averages 0.24, the clutch 
absorbs an average of 0.412 Btu 
per sq in. per sec. Usually three 
cycles are required before fade is 
experienced, The surface glows dull 
red at times and temperatures of 
700 to 1000 F are recorded at 0.04 in. 
from the friction surtace. If only two 
such cycles were applied, the plates 
would show very little warpage, and 
wear less than about 0.010 in. Run- 
ning at wear-evaluation loading for 
5 to 10 engagements will restore the 
plates to their normal condition. 

It would take a heavy duty ap- 
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SHATTERPROOFED 
WITH SILICONES 


One of the most common safety hazards 
— exploding light bulbs — has been 
overcome in a new incandescent lamp 
through the use of silicone adhesives 
and glass yarns. 


Developed and marketed by Duro-Test 
Corporation, North Bergen, New Jersey, 
the new lamp —named “Flamescent” — 
is truly shatterproof. It can be dropped 
onto a hard surface without exploding into 
a shower of glass. While in use (and hot) 
it can be dipped in ice water without 
danger of flying glass fragments. 


Unique application of new and old 
materials gives the lamp this safety-glass 
ruggedness. The bulb consists of a glass 
shape wound with (Cont. pg. 2) 





ORGANIC PAINT 


New Finish For Hot Spots 


even up to temperatures as high as 
600 F. Gloss and color are retained even 
though constantly exposed to sunlight or 


Metal products of all descriptions can 
now be made to stay new looking 
longer even when subjected to hot 
operating temperatures or to the dete- 
riorating effects of weathering. How? 
By using protective coatings and 
finishes formulated with Dow Corning 
silicone resins. 


Colored product finishes based on these 
semi-inorganic resins won't crack or blister 





Reproduces 


The making of what are believed to be 
the most accurate models of the moon 
in existence today was given a big boost 
by Silastic® RTV, the fluid silicone rub- 
ber that cures at room temperature. 


By pouring Silastic RTV over his original, 
painstakingly constructed model, Mr. Wil- 
liam Benton, “the moon man”, obtained 
flexible and dimensionally stable molds 
that perfectly duplicate the extremely fine 
details of the original. Polyester resins are 
cast in the RTV molds to make more of 
these accurate moon models. 


Silastic RTV is easy to use. Simply mix 
it with a catalyst and pour. The mix flows 
freely, filling every hairline. After a few 


Fine Detail 


hours at room temperature, you have a 
flexible silicone rubber mold that strips 
readily. You're ready to start casting! 


Flexible molds for producing prototype 
parts in plaster, plastics, waxes or low 
melt alloys are quick and inexpensive 
with Silastic RTV. Circle 





corrosive atmospheres. Result — longer 
life, and increased customer satisfaction. 


New silicone-alkyd baking enamels com- 
bine ease of application with flexibility 
and toughness. Using these enamels, it’s 
frequently practical to paint-before-forming 
metal parts. Baking cycles are consistent 
with standard painting practices. 

Full range of colors, too. Silicone-based 
paints can be pigmented almost any hue. 


Available now from many paint manufac- 
turers, silicone-based paints could help 


| make important changes in your quality 
| and profit picture. 
| and names of suppliers, circle . . 


For more information 
No. 242 


Paint based on new Dow Corning resin 
takes a 180° bend on a 4” mandrel with- 
out crazing, checking, or peeling. 


FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 
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WANTED: CREATIVE ENGINEERS 


...to investigate a unique new silicone 
resin that cures to form a tough, trans- 
parent mass. Named Sylgard® 182, this 
new solventless silicone resin is supplied 
zs an almost colorless liquid. After 
blending with its curing agent, it’s a 
simple matter to pour it in place. 


Even in totally confined enclosures, Sylgard 
182 to a flexible and transparent 
material having outstanding dielectric 
properties and good moisture resistance 
from —100 to 400F. On the Shore A 
Scale, hardness of Sylgard 182 is approx- 


cures 


New Flexible Casting Resin! 


imately 40; elongation is in the range of 
100%. Tensile strength is in the range 
of 800 to 1000 psi. 


Curing time for Sylgard 182 Resin can be 
varied by changing the curing temperature. 
At 150C, it cures in 15 minutes; at 65 C, 
four hours; at 25C, three days. Neither 
the resin nor its curing agent is toxic to 
the skin. No toxic fumes are given off 
during mixing or curing. 


ca Electronic components and circuits 
encapsulated in Sylgard 182 Resin are 
clearly visible, simplifying replacement or 
repair procedures. The cured resin can be 
cut away with a sharp knife to permit re- 
pair or replacement of defective compo- 
nents. New resin poured over the repaired 
area adheres to the existing cured material, 
restoring the encapsulant to the original 
condition. 


Keep in mind that while this new material 
exhibits some rubber-like properties, it is 
a solventless silicone resin, not a rubber. 
For more data and information about 
Sylgard 182, circle 





new literature 
on silicones 


Silicones in Appliances can give that extra edge 
for extra sales. This colorful booklet tells where 
and how silicones are being designed into appli- 
ances to give more efficient and reliable perform- 
ance. Illustrations show how planning around 
silicones can make good products better. No. 245 


Space Age Silicones are described in thirty typi- 
cal application stories. Utilization of silicone 
compounds, fluids, lubricants, protective coatings, 
rubbers, resins, potting materials and sealants are 
illustrated for your consideration. This valuable 
brochure offers solutions to many problems en- 
countered in designing space age aircraft and 
ground support equipment. No. 246 


You And The Silicones — a 30-minute, full color 
movie lets you see silicones in action. It’s an 
all-encompassing, dramatic documentation of de- 
signers’ adaptations of these versatile engineer- 
ing materials in different applications. For infor- 
mation about arranging for a free showing, 
request No. 247 





(Continued) 


LIGHT BULB 


Fiberglas yarn. The glass and yarn are 
bonded into a single unit with a rubbery 
Dow Corning silicone adhesive. Several 
materials were tested but only the silicone 
adhesive remained transparent and resili- 
ent despite long, continuous exposure to 
the heat of the lamp. 


While the Flamescent derives its name 
from the warm, flame-like glow it casts, its 
lumen output is actually higher than that 
of any other processed bulb. It is a glare- 
less bulb and lasts at least 3 times ionger 
than conventional lamps.. 


Available in standard sizes, the Flamescent 
with its weatherproof features is ideal for 
yard and outside display lighting. Duro- 
Test also recommends the new bulb for use 
in all types of industrial and commer- 
cial fixtures where the bulb may come 
in contact with flying sparks, welding 
slag, hot solder, water, and many other 
attacking conditions. No. 244 
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Fig. 5—Duplex clutch. This type com- 
petes with two single clutches on the 
basis of compactness. For forward- 
reverse action or speed-change action, it 
is the counterpart to the cone-lever me- 
chanical clutch. This type can be made 
with or without the neutral position. 


plication to consistently produce the 
same rate of wear and heat as ob- 
served in this test. Unfortunately 
the Btu per engagement value can- 
not often be found for many appli- 
cations. 

In the manually operated clutch, 
this is especially true since the 
amount of heat the clutch must ab- 
sorb depends on the skill and atti- 
tude of the operator. Thus, in a 
jammed rock crusher, the potential 
Btu per engagement going into a 
clutch depends upon clamp of ad- 
justment, rpm, size, and seconds of 
slip. When slipping too long at 
normal clamp loads, the clutch is 
quickly destroyed or the engine 
killed. The equation is: Btu per sq 
in. per sec = 2puxr Rn/[778 (60)] 
where p = clamp load upon facing 
swept area, psi; and n = speed, rpm. 

To determine the heat rejection 
ability of these manually operated 
clutches, the applications are 
grouped into heavy duty, normal 
duty, cut off or light duty, and spe- 
cial duty. For heavy duty applica- 
tions, a K factor of 0.6 for a single- 
plate, 0.85 for a two-plate, and 1.05 
for a three-plate dry clutch with 
asbestos plates is a fair indicator of 
the horsepower limit. It need be 
used with the definition that heavy 
duty means starting heavy loads, 
such as high-inertia machines, where 
the longest slip period is between 
4 and 10 sec. Also, if the product 
of seconds of clutch slip per engage- 
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ment times number of engagements 
per hour exceeds 180, it is heavy 
duty. 

For normal duty work the K fac- 
tor is 0.90 for a single-plate, 1.34 
for a two-plate, and 1.7 for a three- 
plate clutch. Normal duty involves 
use of the clutch to start loads with 
frequencies up to 60 per hr, a slip 
period never exceeding 4 sec, and 
the product of seconds of clutch slip 
per engagement times number of en- 
gagements per hour being under 
180. This results in a clutch outer 
surface temperature rise of 100 to 
150 F. 

The cut-off duty or light-duty K 
factor is 1.15 for a single-plate, 1.75 
for two-plate, and 2.25 for a three- 
plate clutch. Cut-off duty means 
using the clutch only for disconnect- 
ing the power from the load or pick- 
ing up a load less than once per 
hour. When picking up the load, 
the clutch never slips longer than 
approximately 2 sec. 

Multiplying this K-factor by a 
unit of clutch surface (sq. in.) gives 
the suggested maximum horsepower 
of the engine. The surface unit is 
equal to D (D? — d?)% for me- 
chanical toggle clutches, where D 
and d are friction face OD and ID. 

The backplate stresses usually will 
need to be determined. One re- 
liable method is to use the clamp 
force (Ib) on the plate divided by 
the swept area (sq in.) to obtain a 
unit loading that is then assumed 
to exist upon the backplate from its 
OD to base of under cut when in- 
tegral, and to ID when separate. 
Stress of 14,000 psi is suggested as 
a limiting value when using ASTM 
Grade 40 iron. If interruptions 
occur in the critical tensile area, a 
lower limiting stress must be used. 
If ductile material, such as nodular 
iron or steel is used, a considerably 
higher figure can be used. 


The designer of the driving ring 
which engages the plates should 
strive for the best alignment pos- 
sible. Any scrubbing action of the 
lugs or gear teeth of the plates can 
cause excessive rates of wear. Unit 
loadings in this area for molded 
asbestos to grey iron give good re- 
sults when limited to 350 psi. If 
sintered irons are used with the steel 
core soft due to sintering and the 
mating ring is iron, then 750 psi is 
quite successful. These values can 
be doubled if no scrubbing due to 


misalignment exists. Cast iron to 
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Fig. 6—Air-actuated clutch. Sizes range 
from 8 to 94 in. Air actuation is the 
most popular for large sizes capable of 
very high torque capacity, such as 276,000 
Ib-ft slipping torque in a three-plate 42 
in. size. 


cast iron at the hub works well at 
3000 psi. 

The material to select for the 
friction surfaces mated with the 
asbestos usually results in grey iron 
or nodular iron or cast steel with 
about 0.30 to 0.50 per cent carbon. 
Malleable is quite adequate if only 
cut-off duty is anticipated, but its 
wear resistance suggests that it be 
avoided in heavier duty applica- 
tions. A compromise to get physical 
strength on the one hand and re- 
sistance to heat checking on the 
other has led to the SAE grades 
113 and 114. 

The levers and links are usually 
carburized and hardened for re- 
sistance to wear, they being dry and 
exposed to dust and moisture. The 
carburized and hardened pins and 
links work well with a projected 
area loading of 20,000 and 12,000 
psi shear stress despite the dirt. 
The levers sometimes remain soft 
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when you count on 


MIRRO 


you can count on 


DEPENDABILITY 





The unit above offers current proof. It is one 
of two headlamp assemblies—left and right — 
that MIRRO is making for three fast-selling 
1961 series of a major automobile manufacturer. 
When an automotive production line is 
scheduled to roll on a new model-year, com- 
THE ponents must be on hand, must fit, must meet 
a rigid Accepted Quality Level—and must, of 
METAL MEN course, come in at a carefully estimated cost. 
Failure in any of the first three of these require- 
OF ments would stop the assembly line cold and 
MANITOWOC cause countless cost and production problems. 
Failure to meet the estimate would be equally 
upsetting to the established price structure. 

This manufacturer’s new-model lines started 
and, for the first few weeks, depended wholly upon 
MIRRO-made headlamp assemblies. Later, when 
sales demanded faster production than originally 
expected, MIRRO was again depended upon for 
a stepped-up delivery schedule. 

Count on MIRRO and you can count on 
that kind of quality-conscious, cost-conscious, 
calendar-conscious dependability, backing any 
contract job you place with us. We’d welcome 
a chance to estimate or advise. 


MIRRO ALUMINUM COMPANY, MANITOWOC, WISCONSIN 


Fifth Avenue Bidg., New York 10 
Merchandise Mart, Chicago 54 
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ABOUT FLEXIBLE 


TUBING PROBLEMS 


PENFLEX 


Has The Answer 


i omplete line of all 
t es = om of flexible metallic 
tubing . . « plus ‘*Flexineering. 
That well-known technical pode 
Penflex engineers for your sp - 
roduct design, application or inst - 
tation ... plus the “ane Ow ae 
supply just the right flexible tubing 


you need. 


need steel, bronze oF 
nit to convey air, Ol, 
team, volatiles or = 
i Penflex has the answer. °* 
pene Fa line of corrugated ye a 
eee 7 1 a inperatures. 
Write "er data to Pennsylvania 
Flexible Metallic Tubing Co., 


Route 30, Paoli, Pa. 


Whether 
stainless ste 
water, gas, $ 


BOOK FREE 


Write for your CoPy- 


TIGHT AS A PIPE BUT, 


FLEXIESS | 
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for lower cost; then, the loading 
should be reduced to about 15,000 
psi for 40 Re hard parts and 8000 
psi for nodular iron. 

When the application calls for 
back driving or rotation of the clutch 
action parts when disengaged, the 
levers are balanced to prevent. self- 
engagement. Slotted links can be 
used to duplex a_ toggle-action 
clutch, but the cone-lever type is 
more popular because of links being 
weakened by slotting. 

The toggle and cone-lever actions 
offer an interesting problem in me- 
chanical advantages. The deflec- 
tion of the backplate and floating 
plate due to clamp load is the only 
practical source of deflection in a 
toggle-action clutch to compensate 
for wear and to prevent excessive 
frequencies of adjustment. Too 
little overcenter action will permit 
vibration to cause the clutch to 
“jump” out of engagement. The 
lever advantage from link or cone 
to pressure ring or plate is usually 
1.75 to 3.0. 

A man can operate fairly large 
mechanical clutches due to body in- 
ertia forces applied thru a small 
distance as the action goes over- 
center. It is suggested that for in- 
frequent engagements the limit for 
the hand lever effort required be 
250 Ib and for general applications, 
200 Ib. The lever to sleeve ad- 
vantage varies with the size of 
clutch but is usually 5 to 7 for small 
to large clutches. 

The design of the sleeve is to 
provide a thrust bearing surface for 
relatively high engaging loads with 
continued low-road rubbing after 
engagement. For most applications 
a simple bronze collar on a cast 
iron sleeve, grease lubricated, works 
well. 


Wet Plates: The wet plate 
mechanical clutch has almost the 
same evaluation as the dry plate 
clutch except for the friction disc. 
Molded asbestos can be used as a 
wet plate material, and its coef- 
ficient, x, dynamically will be about 
0.07 to 0.13. Proper grooving is 
often required in rigid materials, 
while in some resilient materials 
no grooving is required. Sintered 
metal to iron or steel is the 
most popular combination in wet 
plates. Sintered material is used 
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A Morse answer 


couplings 


...when the problem involves 
vibration and misalignment 


Isolate vibration 

Cushion shock 

Absorb misalignment 
Torsionally flexible 
Impervious to water, dirt, oil 
Arrest electrolysis 
Distributor-stocked 


Got a coupling problem? Call your Morse 
distributor. He’s listed in the Yellow Pages. 


s 


INDUSTRY 


on BORG WARNER 


Morse Chain Co., Dept. 6-51, Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, Ill. 
In Canada : Morse Chain of Canada, Ltd., Simcoe. Ont. 
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Take a close look at this new limit switch! It’s sc immune to 


THE NATIONAL 
ACME COMPANY 
188 E. 13 1st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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subsidiary of 
STANRAY CORPORATION 


2568 South 50th Avenue 
Cicero 50, Illinois 
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up to about 4 times the clamp psi 
of molded asbestos or fiber. Net 
psi on the grooved friction surface 
goes up to 800. 

The less » rises with lowering 
slip velocity, the less chance of stick 
slip. The manually operated clutch 
usually does not suffer from stick 
slip because of the skill of the op- 
erator in timing his rate of engage- 
ment with the load to permit mini- 
mum time in the critical period. 

Grooving of the sintered-metal 
friction face is most important in 
controlling the coefficient. The steel 
plates should have about 32 rms 
finish at start and will soon polish 
themselves to 8-10 rms. Much de- 
velopment work is in process to 
evaluate the effects of surface finish, 
material, oil groove shape and per 
cent of surface in contact. 


Hydraulic Types 


The wet-plate hydraulic-actuated 
clutch has the same application and 
design problems, as fas as the plates 
are concerned, as the manually op- 
erated wet-plate clutches. Hydraulic 
actuation is the major difference. 
Without any means to control the 


rate of pressure rise, the relatively | 


incompressible fluid causes a change 
from no clutch torque capacity to 


near 100 per cent clutch torque ca- | 


pacity in less than 0.10 sec with 
fairly rigid clutch parts. 
increase in clutch torque capacity 


results as dynamic coefficient in- | 
creases to approach that of the ring- | 
Deflection built into | 
the clutch parts helps somewhat. | 


in coefficient. 


A further | 


Eberhardt-Denver 
poweRgear 


...wWhen the problem involves 
heavy duty and reliability 


High horsepower capacity 
Oversize shafts 





Extra-large bearings 
Heavy-duty gearing 
Universal mounting 

All types available 
Fractional to 53 hp. loads 
Ratios 5:1 to 3600: 


This minimum rate of flow intro- | 


duces the hazard that an increase in | 
leakage may drop the pressure be- | 
low the minimum requirement and | 


induce excessive slipping. ‘Too small 


a supply pump does the same thing. | 
A better approach is to use an ac- | 


cumulator in the line which rapidly 
positions the piston for engage- 
ment, then in turn requires some 
finite time to permit the pump to 


build the pressure back up to op- | 


erating pressure. In the design of 
the parts, the same disc-like con- 
figurations appear, and thus the 


Center distances 2” to 7” 
Distributor-stocked 


| Got a speed-reducer problem? Call your 
Morse distributor in the Yellow Pages. 


| 


MORSE 


A BORG-WARNER INOUSTRY 


same disc stress approaches can be | 


PIVOTS . BUSHES 


EVERY TYPE 


| used. Actuating pressures of 100-250 
| psi are common. 


The ability of the wet plate clutch 


Morse Chain Co., Dept. 6-51, Ithaca, N.Y. Export 

Sales: Borg-Warner International, Chicago 3, Ill. 

In Canada: Morse Chainof Canada, Ltc _ Simcoe, Ont. 
Circle 291 on Page 19 
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Laminated INSUROK’ Opens New Design Horizons 


FOR COMPONENTS MADE FROM SHEETS, RODS, TUBES AND FABRICATED PARTS 


Characteristics of Richardson Laminated INSUROK® 
of major importance to material and design engineers 
include: lightweight (half the weight of aluminum), 
remarkable strength to weight ratio, durability, re- 
sistance against corrosion and chemical action, high 
insulating and heat-resisting qualities, and excellent 
machinability. Usually, no additional or protective fin- 
ish is needed. Many grades are specially formulated to 
produce a specific combination of properties for spe- 
cific applications. 


This combination, and wide range, of properties allows 
INSUROK® to outperform and outiast metals and 
other materials in countless applications—mechanical, 
electrical or chemical. 


Our rigid quality control methods and follow-through 
. . . as the one source for manufacturing the laminated 
material to fabricating the finished part is your best 
guarantee of uniform, trouble-free parts. To assure 
precision tolerances, we maintain the most modern and 
experienced tool and die shop. Our Melrose Park, 
Illinois, and New Brunswick, New Jersey, plants pro- 
vide you with complete fabricating service. 


Whenever your product design demands a combination 
of desirable properties . . . investigate INSUROK®. 
It is available in rods, tubes, sheets or fabricated parts 
(including screw machine parts). Contact your nearest 
Richardson Branch Office for further information. It’s 
likely we can help you solve some of your tough 
design problems. 


Write Dept. 10 for free technical data 


2795 LAKE STREET, MELROSE PARK, 
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How to use 


FLUID POWER 


VY efficiently 
V economically 


am as easy aS... 


\allBicy 


when you = 


w 


Standard Cylinders 
AIR or OIL 
Without Modification 


Save money with S-P’s complete line; rated 
200 psi air, 500 psi oil or water; 23 mounting 
types; 11 bore sizes—1%2” thru 14”; see 
Catalog 110C. 


kK 


SERIES 

HIGH PRESSURE 
Hydraulic Cylinders 

Get smoother, more precise power; ruggedly 
built, interchangeable; 2000 psi (3000 psi 


non-shock); 12 bore sizes—1%” thru 12”; 
get Catalog 117. 


"4 
SERIES 


Air-Oil BOOSTERS 


Save money, save space; boost 80 psi line 

air to 3000 psi hydraulic power with no added 

power consumption, no maintenance; see 

Catalog 116. 

FREE Engineering 

Service 

Phone or Write Today 

The GP Manufacturing Corp. 
A BASSETT COMPANY 


KIOVAOR ED \ilacldcde cclel- Me IA @l-37-)(elil- Ch a @ ills} 
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to absorb heat depends upon the 
temperature rise allowable in the 
oil. Some of the heat is stored in 
the mass of the plates, and the bal- 
ance goes into the oil. With only 
splash lubrication, the oil takes prac- 
tically no heat because so little is 
present and the limit is soon 
reached. Thus rapid cycling with 
splash cooling calls for light clamp 
loads or low velocities or both. 


Pneumatic Types 


The dry and wet-plate pneu- 
matically actuated clutch again very 
closely parallels the problems of 
the manually operated clutch. Air, 
being quite compressible, permits 
much simpler valve design to ob- 
tain control of rate of pressure rise 
(most of it coming automatically in 
the compressibility of the air) to ob- 
tain relatively shock-free engage- 
ment. It is today the only eco- 


| nomical and practical means to en- 
| gage large clutches in the oil fields. 
| Hoisting 
| clutches, and even mud pump drive 
| clutches require so much torque ca- 
| pacity that it is impractical to actu- 
| ate them manually and also, quite 
| often, to build in the hydraulic sys- 
| tem necessary. 


clutches, speed range 


Remote control is another desir- 


| able feature of pneumatic and hy- 


draulic clutches, In the machine 
tool industry, the cleanliness of air 
actuation along with its remote- 


| control features gives it a preferred 


place. 
The diaphragm, tube, and tube- 


| drum clutch types all have the prob- 


lem of designing the rubber-like 
compound with a fabric reinforce- 
ment to permit many flexures while 
resisting relatively high loads. With 
a diaphragm it is better to clamp 
a beaded rim, such as an O-ring, 


| than to clamp a flat rim, such as a 


gasket. The latter method tends to 
rupture the fabric and permit bolt 
load relaxation. The tube designs 
also need proper support to keep 
the reinforcing fabric stresses within 
tolerable limits. 

Most of the lower cost rubber- 
like compounds today can take con- 
tinuous heats of about 165 F. This 
permits operating most of the fric- 


| tion surfaces up to about 300 F in 


clutch or even to 
after a severe en- 


a well-cooled 
about 400 F 


roller 
chain 


...when the problem involves 
service life and performance 


Superior fatigue resistance 
Increased horsepower ratings 
Statistical hardness control 
Electronically controlled pitch 
All parts automatically inspected 
Drive-design service 
Distributor-stocked 


Got a chain problem? Call your Morse 
distributor. He’s listed in the Yellow Pages. 


BORG WARNER INnOUSTRY 


Morse Chain Co., Dept. 6-51, Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, Ill. 
in Canada: Morse Chain of Canada, Ltd., Simcoe, Ont. 
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PRODUCT 
APPLICATION. 


Hansen SYNCHRON 
being assembled 
into "EC" Local 
Controller unit 


A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in “EC” Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals — and all 
other intervals which remain constant regardless of cycle length . . . and also govern 
the 4 independent traffic splits (time division for vehicular traffic) — as well as any 
interval which is variable according to cycle length. The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply . . . the one govern- 
ing variable intervals responds to variable frequency from the master control unit. 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signal has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SYNCHRON Timing Motors. 


SEND TODAY for informative folder containing specifications and technical data on 
ail Hansen SYNCHRON motors and clock movements. 

HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 

Binghamton, N. Y. — Schenectady, N. Y. 


HANSEN ELECTRIC MOTOR ENGINEERING, INC. 


HANUFACTURING Jamaal ica 
COMPANY, INC. . §) 
Sante ma cal kare WINSLOW ELECTRIC CO. he 
. New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 


Sweet's Product 
Design File 
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gagement if the mass of metal soaks 
up most of the Btu and insulation 
prevents the surface of the dia- 
phragm from going above 200 F 
for any appreciable length of time. 

SAE Special Publication SP-192, “Guide 
to Disc Clutch Design and Application,” 
presented in Milwaukee, February, 1961, 


16 pp., Part 9 of the SAE series, “Engi- 
neering Know-How in Engine Design.” 





lubrication 


Temperature Effect 

In Concentrated 

Contact Lubrication 

F. W. Smith, Division of Mechanical 

Engineering, National Research Council 

of Canada 
Frictional behavior of a petroleum 
oil in the contact zone between a 
spherical steel roller ard a cylindri- 
cal one moving in combined rolling 
and sliding at 23C, 100 C, and 
190 C, and at maximum Hertz con- 
tact stresses up to 390,000 psi. Co- 
efficient of friction is found to de- 
crease with increasing temperature. 
The results are interpreted on the 
hypothesis that the frictional force 
represents the shearing of a film of 
essentially solidified lubricant at a 
shear plane of molecular dimensions. 

ASLE Preprint No. 61 AM 38-4, “The 
Effect of Temperature in Concentrated 
Contact Lubrication,” presented at the 


16th ASLE Annual Meeting, Philadelphia, 
April, 1961, 12 pp. 


Application and Lubrication 
Of Tapered Roller Bearings 


P. L. Haager, Timken Roller Bearing 
Co. 


Important relationships between the 
design, lubrication, and use of ta- 
pered-roller bearings. The roller 
bearing operates practically without 
heat or wear and is particularly 
adapted to high speeds. The func- 
tion of lubricants for tapered roller 
bearings is similar to that for any 
type of antifriction or plain bearing 
in that they reduce friction, carry 
away heat, protect bearing surfaces 
from corrosion, and contribute to 
seal efficiency in keeping foreign 
matter out of the bearings. In the 
case of the reduction of friction, it 
is obvious that the lightest bodied 
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Because we’ve always 
welcomed “‘little’’ jobs, too— 


We’ve become 
the biggest in the 
investment 
casting field... 


No investment casting job has ever been or ever will 
be too small for us. 


WE DON’T HAVE ANY “SIDELINES,” nor is invest- 
ment casting only a sideline with us. It is the “be-all 
and end-all” of our economic existence. 


AS A RESULT: anybody who thinks that an invest- 
ment casting will help him solve a problem gets the 
unqualified, attention of the top talent we have to 
offer—from our trained field engineers, our design 
engineers, our estimating staff, our tooling men, 
and our production specialists. No one of these 
groups cares whether your order is for 50 parts or 
100,000. If they accept the order, they want it 
handled to or above “specs”’. 


WHY? SIMPLY BECAUSE THESE MEN ARE DEDI- 
CATED to producing the finest that the process can 
deliver in any design, in any castable alloy and in 
quantities so small that it might surprise you. 


THEIR ATTITUDE IS FAR FROM PHILAN- 
THROPIC; they realize full well that your “little 
ones” may soon grow up. 


ARWOOD IS READY WHEN THEY DO... more so 
than any other investment caster. In fact, we can 


Machine the simple... cast the complex 
A complete service from design through tooling, 


production and finish machining. Seventy-one 
engineering representatives from coast to coast. 


ARWOOD CORPORATION - 


take in stride all the volume that’s required. Our 
five plants, each fully integrated, can handle the 
biggest job you can offer. 


ONCE THE PROTOTYPE PHASE IS COMPLETED, 
Arwood can give you the quantity production you 
need, and deliver it when you need it. 


WHAT MORE CAN WE SAY? Simply this. Most 
“difficult” components, no matter what the alloy or 
quantity, might well be produced as an Arwood 
investment casting... and THE COST IS OFTEN 
EXTREMELY LOW, compared with conventional 
methods. 


ON THE OTHER HAND, IF WE CAN’T DO IT— 
and do it economically —we’ll be the first to tell you 
so immediately. We’d rather lose an order than a 
customer. Try us and see, 





ARE YOU REALLY UP-TO-DATE QN WHAT 
INVESTMENT CASTING CAN DO? Our 48-page 
“Practical Guide” gives forthright answers... tells 
how to design for the process, gives complete tables 
on properties. It’s yours for the asking. 


315 West 44th Street, New York 36, New York 


PLANTS IN BROOKLYN, N. Y.; TILTON, N. H.; GROTON, CONN.; LOS ANGELES AND LA VERNE, CALIF. 
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You tell Ingersoll-Rand the liquid to be 
handled, the flow, temperature, pressure requirements and how 
you want to mount the pump — and I-R will furnish you 


with a unit to meet your exact needs. 


In 100 years of pump manufacture, Ingersoll-Rand has solved 
many problems for machinery builders. For an economical solution 
to your liquid moving problems, call for the pump specialist at your 

nearest I-R branch office — or write direct to our New York head- 
quarters. If we can’t meet your requirements from our many 


standard models, we will engineer a unit just for you. 


over a century of pump progress 


from the leading manufacturer « « « 


Ingersoll-Rand 


Immersion or sidewall 83A9 11 Broadway, New York 4, N. Y. 
units to 714 HP for deliveries 
to 425 gpm, heads to 170 ft. 

OTHER !|-R PUMPS AVAILABLE 





ae 
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Self-priming pumps Motorpumps Horizontally split pumps} Cradle Mounted pumps 
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oil will undoubtedly show the lowest 
bearing friction. However, the ex- 
treme-pressure additives aid in de- 
creasing this friction. 


ASLE Preprint No. 61 AM _ 2B-4, 
“Mounting and Lubrication of Anti-Fric- 
tion Bearings for Optimum Performance,” 
presented at the 16th Annual Meeting, 
Philadelphia, April, 1961, 21 pp. 


Human Factors and Concurrency 


Billy B. McIntosh, Air Force Ballistic 
Missile Div., Air Research and De- 
velopment Command, Los Angeles 


Employment of human factors en- 
gineering under the “concurrency 
concept.” Concurrency means that 
all phases of a development are 
conducted at the same time. The 
methods for control of a concurrent 
missile program exist in MIL-H- 
26207, “Human Factors Data for 
Guided Missile Weapon Systems.” 
This specification describes: 


1. A summary of the human factors 
efforts expended during the prelimi- 
nary design phase. 


. A proposed plan for incorporating 
human engineering principles into de- 
sign. 

. Proposed research. 

4. Human engineering program report 
within 60 days following the initia- 
tion of the contract. 

5. Subsequent progress reports every 30 
days, which include: a. Specific 
analyses to demonstrate that the 
functions allocated to men optimally 
utilize the human capabilities. b. 
Scale drawings which specify work 
space dimensions, control-display lay- 
out, relationship, accessibility, light- 
ing, labeling, coloring, etc. c. Data 
on noise, vibration, toxicity, etc. d. 
Research performed on human fac- 
tors problems. 


ARS Paper No. 1643-61, “Human Fac- 
tors and Concurrency,” presented at the 
Missile and Space Vehicle Testing Con- 
ference, Los Angeles, March, 1961, 11 pp. 


HOOUUTU TOAD AAAASHU OAD NAD PAA EAL EAE AE HULA 


TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to: 


ARS—American Rocket Society, 500 5th 
Ave., New York 36, N. Y. 


ASLE—American Society of Lubrication 
Engineers, 5 North Wabash Ave., Chicago 
2, Ill.; papers 50 cents to members, 75 
cents to nonmembers. 





SAE—Society of Automotive Engineers, 485 
Lexington Ave., New York 17, N. Y. 
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2) 
elevating—— 
feedefs . 


This 6-cu. ft. DPS elevating feeder handles 36 different sizes of rollers for spherical 
roller bearings. Rollers are elevated to feed track, where they are oriented, and sent 
along track to grinder in a continuous flow. 


Store and orient parts 
feed at high speed 


Today, many processing and assembly machines are not producing at 

rated capacity because of inadequate feeding arrangements. Hand feeding 

methods are often unable to match rated capacity of modern equipment 
. production suffers. 


DPS elevating feeders are helping industry meet their feeding require- 
ments. They orient and feed parts gently, and in a continuous flow to 
match production rates . . . handle parts of almost any material (metal, 
plastic, felt, rubber, etc.) and of practically any shape. Versatile in 
design, the elevating mechanism can be engineered to discharge parts to 
either side of feeder and at desired height. Feeders with 3, 6, 12 or 20 
cubic foot storage hoppers are available. 


Your DPS engineer is in a unique position to recommend the one best 
feeder from its line of rotary, vibratory and elevating types ...the most 
complete in industry. Write or call today. Ask for elevating feeder folder 
2812. 


15,604 


DETROIT POWER SCREWDRIVER CO. 


A Subsidiary of Link-Belt Company 
td 
Selective Parts Feeders; Screw, Nut and 
Stud Driving Machines; 


2801 W. Fort Street 


Special Purpose Assembly Machines TAshmoo 5-3070 


Circle 298 on Page 19 





Detroit 16, Michigan 


Helpful Literature 


For copies of any literature listed, circle Item Number on Yellow Card—page 19 


Multispeed Motors 


Discussion of the principal types of 
multispeed motors—variable-torque, con- 
stant-torque, and constant-horsepower— 
is provided in Bulletin 1300. Both poly- 
phase and single-phase units are dis- 
cussed, and application information is 
given. Curves and photographs, along 
with typical ratings, are provided. 4 pages. 
Century Electric Co., 18th & Pine Streets, 
St. Louis 3, Mo. 

Circie 501 on Page 19 


Tape, Film Drive Sprockets 
Brochure SP-52 illustrates and describes 
many different types and sizes of tape 
and film drive sprockets. Diagrams and 
complete dimensional tables are included. 
8 pages. LaVezzi Machine Works, 4635 
W. Lake St., Chicago 44, Ill. 
Circle 502 on Page 19 


Electronic Products 


Short-form catalog contains photographs 
and data on new product developments, 
including a series of Nixie indicator tubes; 
Bipco modules, and Beam-X modules. 
Also described is the entire line of Beam- 
X switches. Data and photographs of dec- 
ade counters, sphericular optic displays, 
and Trixie modules are also included. 
6 pages. Electronic Tube Div., Burroughs 
Corp., P. O. Box 1226, Plainfield, N. J. 

Circle 503 on Page 19 


Power Supplies 


Complete line of high-efficiency, com- 
pact, highly regulated de power supplies 
is described in Catalog PS361. Design 
principles used to achieve high efficiency 
are explained. Photographs, complete spe- 
cifications, and diagrams are given. 15 
pages. Valor Instruments Inc., 13214 Cren- 
shaw, Gardena, Calif. 

Circle 504 on Page 19 


Torque Motors 


Bulletin 208A describes a line of torque 
motors with ratings ranging from 1.5 to 
96 oz-ft. Bulletin contains speed-torque 
curves, duty specifications, and dimen- 
sions, and lists a wide range of ratings. 
Outline drawings and tables provide all 
dimensional data. 48 pages. Ohio Electric 
Mfg. Co., Maple Heights, Ohio. 

Circle 505 on Page 19 


Tubular Capacitors 


Bulletin GEZ-3278 provides technical 
information on film dielectric capacitors 
rated 100 through 600 v in tolerances of 
+20, +10, and +5 per cent. Material 


176 


includes data on description, applications, 
advantages, characteristics, and dimen- 
sions. Photograph, outline drawing, tables, 
and characteristics curves are incorporated. 
4 pages. General Electric Co., Schenec- 
tady 5, N. Y. 

Circle 506 on Page 19 


Control Meters 
Engineering Fact File provides com- 
plete data on a line of contactless elec- 
tronic control meters. File points out the 
features of the units, and lists many ap- 
plications. Detailed specifications for two 
models include a drawing, characteristics 
curves, and a schematic, as well as di- 
mensional data. 12 pages. International 
Instruments Inc., 88 Marsh Hill Rd., 
Orange, Conn. 
Circle 507 on Page 19 


Coaxial Switches, Relays 


Catalog DK61 describes standard DK 
coaxial switches and relays. Among the 
features of the catalog are: Resume of 
the chief characteristics and operating 
principles of the coaxial switch; summary 
of 125 standard switches available from 
stock; details on production and custom- 
engineering facilities, quality-control proc- 
esses; and information on sales and or- 
dering. Pictures, drawings, tables, and 
curves are included. 28 pages. RF Prod- 
ucts, Div., Amphenol-Borg Electronics 
Corp., Danbury, Conn. 

Circle 508 on Page 19 


Profile Recorder 


Measuring and recording roundness, 
flatness, roughness, waviness, scratches, 
flaws, and total surface profiles are de- 
scribed in new Proficorder brochure. In- 
cluded are many typical profile records 
reproduced in full color, showing a wide 
variety of surfaces. Each of the three 
basic units is illustrated and described, 
showing its function and relationship to 
the complete unit. 8 pages. Micrometrical 
Mfg. Co., 3621 S. State Rd., Ann Arbor, 
Mich. 

Circle 509 on Page 19 


Set Screws 


Ferm 2067, “More About Unbrako 
High-Torque Set Screws,” analyzes the 
three important “holding powers” of a 
properly tightened set screw. Bulletin re- 
lates tightenability to the factors in set- 
screw design, metallurgy, and fabrication 
that make for high allowabie installation 
torques. Major factors in satisfactory set- 
screw performance are discussed. Illustra- 
tions include microphotographs of grain, 


structures, and tabulations of holding 
power. Plot of resistance to loosening 
under vibration is also included. 8 pages. 
Box 102, Standard Pressed Steel Co., 
Jenkintown, Pa. 

Circle 510 on Page 19 


Retaining Rings 
Bulletin No. 1331 contains complete 
specifications on Series 1000, 3000, and 
3100 industrial retaining rings. Tables 
and drawings provide all dimensional 
data. Information on materials and fin- 
ishes is also included. 12 pages. Indus- 
trial Retaining Ring Co., 57 Cordier St., 
Irvington, N. J. 
Circle 511 on Page 19 


Paper Capacitors 
Catalog 131B8 contains complete physi- 
cal and electrical characterisics of high- 
temperature metallized paper capacitors 
which operate to +125C without voltage 
derating. Temperature characteristics 
curves and performance characteristics ta- 
bles are included, along with complete 
size charts and case style diagrams. 6 
pages. Aerovox Corp., New Bedford, Mass. 
Circle 512 on Page 19 


Tables and Formulas 


Booklet titled “Tables and Formulae” 
contains tables of weights and measures, 
mathematical symbols and constants, the 
Greek alphabet, temperature conversions, 
binary numbers, powers of numbers, 
squares, cubes and roots, electrical formu- 
las, the fundamentals of Boolean algebra, 
and other useful data. Booklet is pocket- 
size, 4 x 9 in. 32 pages. Control Equip- 
ment Sales, Industrial Products Div., Au- 
tomatic Electric Co., Northlake, Il. 
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Rivets 


Various types of rivets are pictured, 
and shown in typical applications, in 
new booklet on rivets and _ rivet-setting 
machines. Tables are included to give 
typical proportions of bifurcated, deep- 
drilled, semitubular, and shouldered riv- 
ets. 4 pages, Judson L. Thomson Mfg. Co., 
Sawyer Road, Waltham 54, Mass. 
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Magnetic Oil Filters 


Typical applications of magnetic oil fil- 
ters are shown in new folder. Available 
in capacities of 1 and 5 gpm, filters are 
pictured and described, and dimensional 
data are provided. 4 pages. Sinclair Ma- 
chine Products Inc., Claremont, N. H. 

Circle 515 on Page 19 
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DESIGN YOUR PRODUCT TO PROVIDE 


Years of Uiccuualte Beating Perfomance 
With the MESSINGER “X” BEARING 














ENDURING ACCURACY... revolving parts not de- 
viating one thousandth of an inch after years of 
service ...is one answer to the wide use of the pat- 
ented “X” Bearing in a wide variety of applications 
... from work rolls to gun turrets to radar screens. 


VERSATILITY is another reason why the “X” Bearing 

offers so many practical design advantages. It can TYPICAL APPLICATIONS... 

carry the load in three directions—thrust either way Work, press, calender and suction rolls; boring mill tables; 
and radial. Actually, it can be designed to take the rock crushers; glass grinding machines; propellers; artil- 
place of four bearings—two thrust and two radial. lery and naval gun mounts; radar screens. 


CONSIDER THE “X” BEARING on 
your next design problem. Stand- 
ard sizes range upwards from 
4.000" 1.D., 6.250" O.D. and 
1.125" in width. Write for com- 
plete information. 


MESSINGER (@®))BEARINGS, Inc. 


ROLLER AND BALL BEARINGS SS“ FEATHERWEIGHT TO HEAVYWEIGHT 


D STREET ABOVE ERIE AVE. - PHILADELPHIA 24, PA. 
‘Smoothing Industry’s Pathway for Nearly Half a Century” 
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Strain-Gage Wiring Terminals 


Line of neat, convenient strain-gage 
wiring terminals is described and _illus- 
trated in Bulletin 4340. Bulletin includes 
photographs and drawings of the termi- 
nals, characieristics and _ specifications, 
features, types, dimensions, and curves 
of typical leakage resistance versus tem- 
perature for high-temperature terminals. 
4 pages. Electronics & Instrumentation 
Div., Baldwin-Lima-Hamilton Corp., 
Philadelphia 78, Pa. 

Circle 516 on Page 19 


Flexible Couplings 
Complete specifications for power-drive 
flexible couplings are provided by draw- 
. ings and charts in Bulletin J-23. Detailed 
information on clearance for alignment, 
dimension in inches, nominal and maxi- 
mum bore, horsepower capacity per 100 
rpm, net weight, oil capacity, and maxi- 
mum rpm is given. Ten types of cou- 
plings are described. Dept. FC, Jones 
Machinery Div., Hewitt-Robins, Stam- 
ford, Conn. 
Circle 517 on Page 19 


Bail Valve 


Flo-Ball bar stock valve, Series 712, with 
Teflon seats and seals, in seven sizes 
from '/, to 2 in., is covered in Bulletin 
712-361. Bulletin includes a cutaway 
drawing, exploded view, parts table with 
materials of construction, and a dimen- 
sion chart. Pressure-temperature rating 
curve and price list are also included. 
6 pages. Hydromatics Inc., 5 Lawrence 
St., Bloomfield, N. J. 

Circle 518 on Page 19 


Plastic Protectors 


Bulletin P-6104-GP describes new plas- 
tic protectors for general-purpose use. 
They can be used as cap or plug for 
application to male or female threads or 
tubing. Data are established separately 
for protectors used on pipe threads and 
tubing and hydraulic fittings. 4 pages. 
S. S. White Industrial Div., Plastics Dept., 
10 E. 40th St., New York 16, N. Y. 
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Basic Metals 


“News Digest,” to be published periodi- 
cally covers applications of basic-metal 
products including stainless, high-carbon, 
copper-plated and specialty steel wire; 
decorative, protective, and screening grades 
of perforated and pierced metal; wire cloth; 
high-carbon spring steels; and special ma- 
chinery for wire handling and metal lith- 
ography. 8 pages. Dept. RDT, National- 
Standard Co., Niles, Mich. 

Circle 520 on Page 19 


Elastomer-Fabric Diaphragms 
Form DI-100 describes in detail long 
stroke, rolling, preconvoluted, and molded 
convolution diaphragms for static or dy- 
namic applications in aircraft and indus- 
trial use. Wide range of elastomers used 


in diaphragms is discussed, and fabrics 
are also covered. Mechanical considera- 
tions of diaphragm sidewall thickness and 
flange and bead construction are illus- 
trated in sketches and text. 4 pages. Dia- 
phragm Industries Inc., 102 Rantoul St., 
Beverly, Mass. 

Circle 521 on Page 19 


Plastic Coating 
Bulletin 1007 covers Pfaudlon 301 me- 
dium-priced, corrosion-resistant __ plastic 
coating for metal. Bulletin tabulates rec- 
ommended service and typical equipment 
applications, as well as base metals to 
which the coating has been applied suc- 
cessfully. Complete list of physical char- 
acteristics is also included. 4 pages. Pfaud- 
ler Div., Pfaudler Permutit Inc., Roch- 
ester 3, N. Y. 
Circle 522 on Page 19 


Spring Design 
New issue of “The Mainspring” pro- 
vides data on interlock garter-spring de- 
sign, specification, and quality require- 
ments. Basic design formulas are in- 
cluded for both extension and compres- 
sion springs. Some typical applications are 
given. 8 pages. Associated Spring Corp., 
Bristol, Conn. 
Circle 523 on Page 19 


Temperature Transducers 


Bulletin 2000 describes platinum-re- 
sistance temperature transducers designed 
for use with cryogenic fluids such as liq- 
uid hydrogen and LOX. Sensors are suit- 
able for airborne or ground-based appli- 
cations. Brief discussion of the Interna- 
tional Temperature Scale and its relation- 
ship to cryogenic temperature measure- 
ment is included. 8 pages. Trans-Sonics 
Inc., P. O. Box 328, Lexington 73, Mass. 

Circle 524 on Page 19 


Takeup Units 
Book 2741 covers complete line of 
takeups, in seven frame styles, and 
equipped with sleeve, ball, or roller bear- 
ings. Variety of frames is included, each 
for a particular kind of mounting or 
shaft arrangement. Publication lists more 
than 320 different takeup units. Com- 
plete information for selection and ap- 
plication with dimensional data for each 
frame is given. 16 pages. Link-Belt Co., 
Dept. PR, Prudential Plaza, Chicago 1, 
Ill. 
Circle 525 on Page 19 


Electroplating Processes 


Nineteen plating and other metalfinish- 
ing processes and procedures are described 
in Bulletin EP-103. Solution preparation, 
type of deposits, operating conditions, 
equipment required, and applications are 
listed for each of the processes. 24 pages. 
Hanson-Van Winkle-Munning Co. 
Church Street, Matawan, N. J. 
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Expanded Metals 

Catalog 61 illustrates 38 decorative ex- 
panded-metal designs in actual size, and 
gives specifications of each as to weight, 


dimensions, percentage of open area, and 
materials available. Many end products 
utilizing expanded metal are illustrated 
throughout the catalog. Sections on trade 
terminology, metals expanded, finishes, 
fabrication, and ordering information are 
included, as well as illustrations and spe- 
cifications of commercial meshes and grat- 
ings. 34 pages. Designers Metals Div., 
Southern Electric Inc., 8701 S$. Greenwood 
Ave., Chicago 19, Ill. 
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Zirconium Corrosion Resistance 


“The Corrosion Resistance of Zirco- 
nium” contains detailed graphs for over 
100 highly corrosive media in concentra- 
tions to 100 per cent and temperatures 
to 400F. Data were compiled from in- 
formation developed by leading indus- 
trial corrosion-testing laboratories. Alpha- 
betical listing of corrosive media provides 
ready reference. 14 pages. Zirconium As- 
sociation, 2130 Keith Bldg., Cleveland 15, 
Ohio. 
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Silicone-Rubber Seals 


Catalog 1 contains technical design 
information and cross-section drawings 
of standard silicone, fluorosilicone, and 
fluorocarbon-rubber seal constructions. 
Seals shown provide extended flexibility 
at high or low temperatures; immunity 
to ozone, weathering, and shelf aging; 
and freedom from binding or corrosive 
action in contact with metals. 42 pages. 
Connecticut Hard Rubber Co., 407 East 
St., New Haven 9, Conn. 

Circle 529 on Page 19 
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Flexible-Hose Assemblies 


High-pressure aircraft and missile flex- 
ible-hose assemblies of Fluoroflex-T for 
pneumatic and hydraulic systems are de- 
scribed in Bulletin HP-2. Design details 
for Fluoroflex-T hose assemblies rated 
for service from —67 to +450F, and 
ranging from 3000 psi heavy-duty im- 
pulse service to 6000 psi limited-surge 
service, are included. Typical service ap- 
plications in hydraulic and pneumatic 
systems are given. 8 pages. Resistoflex 
Corp., Roseland, N. J. 
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Servo-Accelerometers 


Transistorized, 0.1 per cent linear force 
balance servo-accelerometers, Model 4310, 
are described in new bulletin. Applica- 
tions, circuit description, specifications, 
and ordering information are included, 
and brochure is illustrated with photos 
and diagrams. 4 pages. Donner Scien- 
tific Co., Concord, Calif. 
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Hydraulic, Pneumatic Equipment 


Bulletin 91051 describes complete line 
of valves, cylinders, accessories, pumps, 
and special controls. It contains descrip- 
tions, specifications, outstanding features, 
optional features, ordering data, and di- 
mensions. 6 pages. Airmatic Valve Inc., 
7313 Associate Ave., Cleveland 9, Ohio. 

Circle 532 on Page 19 
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WHERE MACHINERY 


MUST START...STOP 
SLOW DOWN...SPEED UP... 


The Smoother Operating Vickers MAGNECLUTCH® 
Adds Longer Life and Greater Reliability 


Start...stop. Fast... slow. High slip . . . low slip. 
These conditions drive most clutches to early graves. 
They can’t take the stresses and strains of no-speed 
low-speed high-speed in merciless repetitive cycles. 

Now see how the Vickers MAGNECLUTCH meets 
this problem: There is no mechanical contact between 
rotating members. Torque is transmitted by the linking 
action of energized ferro-magnetic particles, and is 
independent of speed. Torque is a direct function of the 
clutch current. From stop to full speed, torque is 


transmitted in a smooth curve, without grab or chatter. 
There is no stress or strain. Result: the clutch is more 
reliable, lasts longer. Standard MaGNECLUTCHEs (and 
MAGNEBRAKES) available from 11 o0z.-in. to 600 |b.-ft. 
Contact the Vickers ficld engineer in your area for 
complete information, or write for Bulletin Series 6000. 


EPA 6000-7 


VICKERS INCORPORATED 


Division of Sperry Rand Corporation 


ELECTRIC PRODUCTS DIVISION 


1881 LOCUST STREET « SAINT LOUIS 3, MISSOURI Circle 300 on Page 19 





BLANKET 
PROTECTION! 


New Thermoseal® insulation for 
all A. O. Smith fractional 
and integral hp motors 


And you pay no more for this across-the- 
board protection — a perfectly balanced 
combination of slot and phase insulation, 
magnet wire and insulation varnish. Ac- 
commodates greater temperature rise, re- 
sulting in extended life and dependable 
operation under the most severe operat- 
ing conditions. Write today for full facts 
on Thermoseal. 


cc oO 8 0 8A T1:O RN 
ELECTRIC MOTORS 
Tipp City, Ohio 
Copyright 1960, A, O. Smith Corp. 
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Missile 
tray 
made by 


Brooks & Perkins 
beats target weight by 300 lbs. 


Air transported missiles require minimum weight handling equipment so that 
important defense weapons can be moved efficiently and on schedule. Recently, 
Brooks & Perkins was given the responsibility for engineering, designing, building 
the prototype and manufacturing an aluminum missile tray, shown above. 
Unusual loading problems and the extreme importance of deflection required 
a dimensional tolerance of + 19" in the 33-foot over-all length at 68°F. B & P 


not only met all tolerance requirements, but also reduced the initial target weight 
by 300 lbs. 


The aluminum missile tray is another example of Brooks & Perkins skill and 
experience in the fabrication of light metal products for ground support equipment. 


For more information and details of this and other GSE programs, write direct 
to Brooks & Perkins, Detroit. 


1940 W. FORT ST., DETROIT 16, MICH. 
Offices in Washington and New York 


ee? BROOKS & PERKINS, Inc. 
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Industrial Laminates 
Catalog L-CDL-514 describes Texolite 
industrial laminates—copper-clad, sheets, 
tubes, and rods. Listing a total of 39 
grades, catalog contains information on 
rolled and molded tubing, insulation, and 
printed-circuit applications. Included are 
nine new products. Revised data on pres- 
ent and improved grades is also incorpo- 
rated, as well as properties, tolerances, 
and thickness ranges of all Textolite in- 
dustrial laminates. 16 pages. Laminated 
Products Dept., Section IS, General Elec- 

tric Co., Coshocton, Ohio. 
Circle 533 on Page 19 


Pneumatic Products 


Catalog 1000 covers complete line of 
pneumatic products, including compressed- 
air-line filters, pressure regulators, air- 
line lubricators, valves, and other mis- 
cellaneous products. Section on engineer- 
ing information includes a compressed- 
air flow chart, data on moisture content 
of saturated, compressed air, dimensions, 
and pressure drop. 70 pages. C. A. Nor- 
gren Co., 3400 S. Elati St., Englewood, 
Colo. 
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Electrical Housings 


Catalog 61 contains iilustrations, de- 
scriptions, complete specifications, and 
prices of cabinet racks and console as- 
semblies. Check list breaks down all basic 
units needed to make single, double, or 
triple console assemblies. Data on cabi- 
net racks include photographic _illustra- 
tions, cutaway views, and listings of vari- 
ous heights, widths, depths, finishes, and 
units with rear doors, and front and rear 
doors. Variety of standard accessories for 
both racks and console assemblies is 
shown. 32 pages. Par-Metal Products 
Corp., 32-62 49th St., Long Island City 
AS ee a 
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Leather Packings 
Illustrated brochure and price list de- 
scribes leather packings for hydraulic and 
pneumatic applications. Publication con- 
tains dimensions and prices of V and 
U-packings, cups, flanges, discs, and 
washers. Packings are available in oak, 
chrome, and chrome retan leather tan- 
nages, 4 pages. Auburn Mfg. Co., 306 
Stack St., Middletown, Conn. 
Circle 536 on Page 19 


Panel Meters 


New data sheet describes 4 x 6-in. rec- 
tangular panel-meter line. It provides pho- 
tographs and outline drawings of the 
Style 65 meters, lists standard data, stand- 
ard specifications, and modifications 
available. Also listed are the 95 ranges 
available as ac and dc voltmeters, am- 
meters, milliammeters, and microamme- 
ters. 4 pages. Helipot Div., Beckman In- 
struments Inc., 2500 Harbor Blvd., Ful- 
lerton, Calif. 
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For Your Power Drive - Design - Application or Replacement Maintenance 


There’s a 


=a) CYLINDER 


That Can Assure Accurate Efficient Operation 





Only T-J’s complete line can assure you 
a cylinder of either air or hydraulic 
application-—with practically limitless 
design specifications for bore, stroke, 
pressure range and even delivery 
requirement. From the time-tested, 


Ws 


THE ONLY 
COMPLETE 
ENGINEERING 
CATALOG standard tie-rod for the T-J 
hydraulic cylinders. Squair Head 
LINE, TOO! cylinder. 


TOMKINS JOHNSON 


MYO RaVLIC 


Hl Ae. 





M-47 for $Q-1058-4 


standard tie-rod air and hydraulic, to the 
exclusive T-J Spacemaker, and including 
the recently introduced Squair Head, 
T-J cylinders give you more features 
for efficient, long-lasting operation. 
Write today! 











HSM5-58-4 
for the High- 
Presswre Hydraulic 
Spacemaker cylinder. 


SM-66-3 for 
the incomparable 
Spacemaker 
cylinder. 


No. 64 for: 
standard tie-rod 
air cylinders. 


THE TOMKINS-JOHNSON CoO, -4cson, mice. 


CYLINDERS ¢e MILLING CUTTERS ¢ RIVETERS and CLINCHERS 
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TIMERS 


Multi-Circuit Cam Timers con- 
trol sequence and duration of 
one or a series of operations. 
Time cycles from 24 of a sec- 
ond to 7 days. Controls 1 to 
100 circuits in any length of 
“‘made"’ or ‘‘brcken’’ periods 
desired. Choose either Repeat 
or Stop Cycle operation. 

Series 2400 


Electronic Timers provide high 
accuracy and constant, exact 
repeatability for intervals from 
.02 to 120 seconds. Unaffected 
by vibration, tube aging, line 
voltage fluctuations. Printed 
circuit design, few mechanical 
parts mean long life at fast, 
repetitive cycling. Series 5200 


Heavy Duty Reset Timers auto- 
matically and instantly reset on 
power interruption. SPDT heavy 
duty load contacts carry 25 
amps. Available for vernier ad- 
justment or cycle progress in- 
dication. Series 2800 


Revolution Counters count 
shaft revolutions at speeds up 
to 1000 rpm, with only 1% oz. 
in. torque on input shaft. For 
measuring, product counting or 
cut-off, fluid metering, drill 
depth control, indexing, etc. 
ideal where process variations 
occur and pulse count is not 
adequate. Series 307 


IF IT’S A TIMING PROBLEM, 
SEE ATC. Wide product selec- 
tion includes cam timers, auto- 
matic reset timers, revolution 
counters, electronic timers, im- 
pulse counters, transistor tim- 
ers, many others. 

Special timers and counters de- 





“| Send for your free Condensed 


Catalog ‘‘Automation Components 
and Control Systems’’—todav! 
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Epoxy Insulation 
Systems Selector, Bulletin E-100, shows 
important properties of selected electrical 
insulting compounds. It contains helpful 
data on insulation selection, chart han- 
dling characteristics, and physical and 
electrical properties. General-purpose cast- 
ing and potting compounds, compression 
and transfer molding powders, dipping 
compounds, and conductive cements and 
coatings are also listed. Catalog unfolds 
to make an easy-reference wall-chart. 6 
pages. Write Electrical Insulation Div., 
Hysol Corp., Olean, N. Y. 
Circle 538 on Page 19 


Multiple Lamp Indicators 


Form L-164 presents detailed informa- 
tion on Tele-Strips, which embody from 
2 to 20 lampholders equipped with a 
choice of several styles of lens-cap as- 
semblies. Applications include switch- 
boards and other apparatus which re- 
quire illumination by means of T-2 
lamps. Photographs, schematics, catalog 
number charts, and technical data pro- 
vide the information required. Other data 
cover lampholders for panel mounting 
and single indicators designed to accom- 
modate telephone-type T-2 incandescent 
and neon lamps. 8 pages. Dialight Corp., 
60 Stewart Ave., Brooklyn 37, N. Y. 
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Industrial Coatings 
Bulletin 4071 describes 18 industrial 
coatings for all types of metal-using in- 
dustries, designed for product protection, 
improvement of appearance, mold or die 
releases, and/or dry lubrication. Coatings 
described are of four types—wax emul- 
sions, resin emulsions, solvent-base waxes, 
and self-polishing solvent-base waxes and 
resins. Description includes data on meth- 
ods of application, coverage, drying time, 
and characteristic uses on various metals 
and on surfaces of other materials. 4 
pages. Service Products Div., S. C. John- 
son & Son Inc., Racine, Wis. 
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Miniature Ball Bearings 


Catalog 6 furnishes comprehensive in- 
formation on more than 500 types and 
sizes of miniature and _ instrument-size 
bearings and bearing products. Complete 
specifications, with actual-size, detailed 
cross-sectional drawings of ball bearings 
are included, as well as illustrations of 
precision products. Section on nomencla- 
ture with explanatory drawings also is 
incorporated. More than half the contents 
are devoted to chapters on bearing selec- 
tion, materials, load ratings, torque and 
vibration testing, and lubrication. Others 
include measurements, tolerances, han- 


® 
signed to your requirements. i ; i lysi 4 
AUTOMATIC TIMING | fr" tiistony seal bearings an 


& C O N T R O L S ’ | N - a gyro bearings of both end-cap and in- 


ral shaft desi for highl itical 
KING OF PRUSSIA, PENNSYLVANIA = Wer n. iications Wire’ bound, 64 


A Subsidiary of American Manufacturing Company, Inc. pages. Write on company letterhead to 


. Div. of Interprovincial Safety Industries, Ltd.,5485 Notre Dame St., West, Montreal 30, Quebec Miniature Precision Bearings Inc., Pre- 
cision Park, Keene, N. H. 
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COATED ... 


to seal out moisture 


Whether you need a tapping screw 

that's coated to seal out moisture... a 
spiniock screw that vibration can't budge... 
a hose-clamp screw in carbon steel or 
stainless—call on National Lock. Utilize our 
design-engineering service to solve your 
fastener problem at lowest cost. 

National Lock’s diverse production capacity 
is geared to satisfy all your standard 

and special-purpose screw requirements, 
Fasteners to your exact specifications ... delivered 
when you need them... in the quantities 
you require. Write us, 


NATIONAL LOCK 


INDUSTRIAL HARDWARE DIVISION + NATIONAL LOCK COMPANY ¢ ROCKFORD, ILLINOIS 
INTERNATIONAL DIVISION -¢ 13 E. 40TH ST., NEW YORK,N.Y. @ CABLE: ARLAB 
FASTENERS + HINGES» CATCHES» PLASTICS+« LOCKS* APPLIANCE HARDWARE...ALL FROM 1 SOURCE 
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Use Yellow Card, page 19, to obtain more information 


Conical Washer-Nut 


for mounting 
silicon rectifiers 


New one-piece Keps which com- 
bines both washer and nut to sim- 
plify handling and mounting is 
available for mounting silicon rec- 
tifiers and other stud-mounting de- 
vices. It provides take-up spring by 
utilizing a coned washer to assure 
permanent contact between recti- 
fier and heat sink. Units are avail- 


able in sizes from No. 8-32 through 
1/4,-20 in carbon steel, corrosion- 
resisting steel, aluminum, brass, and 
other materials. Shakeproof Div., II- 
linois Tool Works, St. Charles Road, 
Elgin, Ill. 

Circle 541 on Page 19 


Relief Valve 


cartridge-type unit 
handles flow to 40 gpm 


Small, high-capacity, differential- 
piston relief-valve cartridge is less 
than 4 in. long. Designed to handle 
flow capacities to 40 gpm with low 
pressure rise, valve is available in 
three adjustment ranges—200 to 
1000, 500 to 2000, and 1000 to 
4000 psi. Cartridge can be inserted 
into a simply machined cavity in 
a multivalve manifold or body. 
Hardened-steel, spherically lapped 
piston mated to a hardened-steel, 
spherically lapped seat assures re- 
peatability and long life with mini- 


184 


Garros, irc 
OR ONO 


mum leakage. Fluid Controls Inc., 
Box 186, Mentor, Ohio. 
Circle 542 on Page 19 


Anodized Foil 


in gages from 0.002 
to 0.040 in, 


Anodized foil in continuous coils is 
available for decorative trim, name- 
plates, knob inserts, bezels, perfo- 
rated metals, and expanded metals. 
It is furnished in gages from 0.002 
to 0.040 in., in clear, black, and all 
standard colors, matte or polish fin- 
ish, with or without adhesive back- 
ing, in any width to 24 in. Foils are 
suitable for printing, lithographing, 
etching, and embossing. Girder 
Process Inc., 102 Hobart St., Hack- 
ensack, N. J. 

Circle 543 on Page 19 


Precision Shaft Adapters 


convert motor shafts to use of 
Y4,-in. bore gear or couplings 


Improved precision shaft adapters 
are machined from Type 303 stain- 


less steel, with clear passivated fin- 
ish. The two-piece units convert 
tapered or odd-dimensioned motor 
shafts to the use of 1/4-in. standard 
bore gears or couplings. Adapters 
provide a 0.2497-in. (+0.000, 
—0.002) standard shaft on tapered- 
shaft motors and Bureau of Ord- 
nance type rotating components 
such as synchros, resolvers, and 
tachometer generators. PIC Design 
Corp., 477 Atlantic Ave., East Rock- 


away, L.I., N. Y. 
Circle 544 on Page 19 


Microminiature Resistor 


wirewound unit 
measures 1/16 x 1/16 in. 


Microminiature resistor is available 
in resistive values from 1 to 50,000 
ohms. Of the wirewound type, it 
measures 1/16 x 1/16 in., and can 
be manufactured with power rat- 





oo 


ings of 0.02 w. Unit is available 


for microminiature circuits. Reon 
Resistor Corp., 155 Saw Mill River 


Rd., Yonkers, N. Y. 
Circle 545 on Page 19 


Inertia Switch 


for temperatures from 
—65 to 250F 


Model 6BC-189 switch is a single- 
pole, unidirectional unit. Range is 
2 to 30g, +5 per cent, and response 
time is 0.015 sec, Switch automati- 
cally resets itself when applied ac- 


MacuHineE Desicn 





























AT, — 
rt il sh le 


Abrasive Dust Didn’t Lick This Starter... and on 
Your Equipment, It Will Meet Customers’ Toughest Requirements 


After two years in this tough application—covered with abrasive dust—these General Electric magnetic starters are still 
operating the block conveyor pictured above in a concrete block making plant. Wherever your machines or equipment 
are installed, General Electric starters can give this same outstanding performance that helps improve your product 
reliability. Result: fewer customer complaints caused by starter breakdown. Some of the reasons? Contacts are slanted 


so dust slides off. Horizontal wedge-action design reduces contact wear and bounce—helps prevent 


contact deterioration. Molded coil resists dust, oil, water, mechanical abuse. Plus many other 
MEASURABLE ADVANTAGES for you and your customers. Call your G-E sales engineer today, 
or write for GEA-7020. General Electric Co., Section 811-18, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 


Circle 306 on Page 19 





® Bijur lubrication engineers wei teady oe i 


<B> ITE crcciatens concnscon 


157 West Passaic Street e Rochelle Park, New Jersey 


@ anne Froneen in Arilomilic Lubrication 
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celeration is removed. Electrical rat- 
ing is 2 amp at 28 v dc. Tempera- 
ture range is —65 to +250 F. Iner- 
tia Switch Inc., 311 W. 43rd St., 


New York 36, N. Y. 
Circle 546 on Page 19 


Multiconductor Cables 


are numbered rather than 
colored for coding 


Process for printing code numbers 
or letters on multiconductor cables 
used in electronic circuitry elimi- 
nates color coding of the cables. 
Color stripping is replaced by easy- 
to-read numbers which eliminate 
the possibility of hook-up error and 
make for easy identification of the 
electronic circuits. Fluorocarbon res- 
in inks are sintered so that the 
numbers and/or letters become a 


permanent part of the Teflon wire 
insulation. American Super-Tem- 
perature Wires Inc., Winooski, Vt. 

Circle 547 on Page 19 


Photorelay System 


requires no wiring for use 


Model 8PL2 photorelay system is 
for use in any location where it is 
necessary to control a counting de- 
vice, motor, or lighting by the use 
of light-beam interruptions, Con- 
sisting of a 2!/, x 31/4, x 41/,-in, pho- 
torelay receiver and a separate light 
source, system will switch a 3-amp, 
120-v resistive load at least two 
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Lamb Electric's “Clean Room’ insures 
fractional horsepower motor perfection 


For assembly of small precision gear motors, Lamb® Electric 
has installed an air-conditioned, dust-free ‘““Clean Room”’. 
This innovation, primarily for the assembly of these custom- 
built motors, is essential for eliminating even particles of dust. 


The ‘Clean Room” is typical of progressive Lamb thinking 
that insures perfection in fractional horsepower motor design 
and manufacture. 

Do you have a special motor problem? . .. Here’s what you 
can expect from Lamb! Into the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized ‘‘Motor Conference”. 
THE LAMB ELECTRIC COMPANY : Kent, Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company, Ltd. 
Leaside, Ontario 
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rractionat norserower MOTORS 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS * FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS ¢ UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. « HUNTER SPRING CO. « GLASER-STEERS CORP. 





DON’T ®& 
GAMBLE ...Wwith your 


TEST THE BEST—FREE! Send for the free Shakeproof Live 
Action Sample Kit. includes a wide selection of lock washers and 
the informative “This Washer Locks Where Others Fail’ booklet. 


Look for this symbol when you buy or specify to 
be sure you are getting Genuine Shakeproof Live 
Action Lock Washers! 


product’s reputation 


INSIST ON GENUINE SHAKEPROOF 
LIVE ACTION LOCK WASHERS! 


Customer loyalty is not a matter of /uck/ It's based on your product's 
reputation for top quality, trouble-free performance! A good reputation 
depends on the quality of each component used in manufacture and 
assembly. Fasteners—lock washers in particular—carry a big part of this 
responsibility. Washers that don't measure up to the rest of your product 


can cause real trouble ... can actually result in brand switching by your 
customers. 


Don't Gamble! Don't settle for a lock washer that's ‘good enough.” 
Look alikes don’t act alike! Genuine Shakeproof Live Action Lock 
Washers bite on both sides . . . the only lock washers that lock right— 
stay tight—where others fail. 


7g SHAKEPROOF 


‘FASTENING HEADQUARTERS" 


DIVISION OF ILLINOIS TOOL WORKS 
: St. Charles Road, Elgin, Illinois 
W In Canada: SHAKEPROOF/FASTEX, Division of Canada lilinois Tools Ltd. 


67 Scarsdale Road, Don Mills, Ontario 
Copyright Shakeproof, Division of Illinois Tool Works, 1961 
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times a second, with the units up 
to 20 ft apart. Each unit can be 
rotated on its mounting bracket. 
Both units are plugged into a stand- 
ard outlet, and device to be switched 
is plugged into the adapter plug 
of the receiver. System is then ready 
to operate; no wiring is required. 


Receiver and light source are each | 


housed in a steel dust cover with 
baked gray enamel finish, and are 
provided with an 8-ft cord and 


strain-relief fitting. A 7%-in. hole is 
provided in the base for conduit fit- 
tings. Sigma Instruments Inc., 170 


Pearl St., South Braintree 85, Mass. 
Circle 548 on Page 19 


Foot Switches 


for use on office 
and business machines 


DA Series foot switches are dual- 
pedal units for use on dictating 
machines and on all types of busi- 
ness and office machines. They fea- 
ture a skidproof base and die-cut 
housing. Switch rating is 7 amp, 125 
or 250 v ac. Size of the unit is 61% 
x 3Y, x 11% in., and weight is about 


2 lb. Vemaline Products Co., Frank- 


lin Lakes, N. J. 
Circle 549 on Page 19 


Oil-Level Gages 


have 4, 6, and 8-in. 
sight openings 


Improved Type 550 flush-mounting 
oil-level gages are available in three 
standard production sizes, with 4, 6, 
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Response time is reduced significantly by these new 
fully insulated, electrically fused wire 
element thermocouples. A tyrical time constant 
is 1.2 milliseconds with an exposed junction 
design immersed in stagnant oil. 


Unique construction permits the entire probe and 
leads to withstand temperatures of the hot 
junction, which may be (1) exposed, (2) sealed 
and insulated, or (3) grounded and flattened. 
All configurations are designed for minimum 
disturbance of environment. 


Y, the size of a human hair...the sensing 

element wires are insulated with pure fused 
ceramic that does nov pick up moisture from the 
air and has a voltage breakdown of 10,000 volts 
at room temperature. The probe is .014 in. 
dia., and the lead vires are .010 in. dia. 

for easy handling. 


Cryogenic to 3000°F temperature range makes the 

HT Micro-—Miniature Thermocouple ideal for 
measuring temperatures of rocket fuels, missile 
and aircraft skins, jet engine exhausts, 
atomic piles, and various testing and process 
operations throughout industry. 

Nationally available through 16 BLH sales 
engineering representatives throughout the 
U.S. and Canada, these temperature sensors are 
manufactured by BLH under exclusive license 

of High Temperature Instruments Corp. 

Write us...or contact your nearest BLH 
representative for a copy of our 6—page 
product data folder. 


BALDWIN - LIMA « HAMILTON 


Electronics & Instrumentation Division (BLK 
Waltham 54, Mass. ae 


SR-4° Strain Gages + Transducers «Temperature Sensors « Systems 
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The design and manufacture of quality stain- 
less steel castings is a specialized job . . . and 
Dodge specializes in it! 


There is practically no limit to the variety 
of shapes we can turn out to meet your 
simple or intricate specifications precisely 
... economically. 


Perhaps one or more [Ds] castings shown 
here will help spark an idea of how Dodge can 


be of assistance for your stainless steel casting 
needs. A blueprint or sketch with operational 
details will bring complete information, with- 
out obligation. 


DODGE STEEL COMPANY 
6501 State Road 
Philadelphia 35, Pa. 


© Phone: DEvonshire 2-2200 


DODGE 
PRODUCTS 


THE MOST IMPORTANT ALLOY IN A [STAINLESS] STEEL CASTING IS QUALITY 
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and 8-in. sight openings. Through | 
use of interchangeable parts, gages | 
can be furnished with components | 


compatible with vetroleum products, 
fire-resistant fluids, and other liquids. 


Direct-reading gages provide for an | 


instant visual check on the oil 


levels of hydraulic and lubricating | 
oil reservoirs. Gages are furnished | 
complete and are ready for instal- | 
lation after providing only two small | 


holes in the reservoir. Heavy cast- 


aluminum frame is a completely en- | 


closed and sealed viewing chamber. 


- 
} 


Plexiglas or tempered-glass window 


is backed in white for high visibility. 
Federal Brass Mfg. Co., Elmira, 


N. Y. 
Circle 550 on Page 19 


Metal Film Resistor 


has good 
high-frequency performance 


New !4-w model Vamistor features a 
low-temperature coefficient alloy de- 
posited and fused to the inside glazed 
surface of a ceramic tube and heli- 
cally grooved for resistance value. 


Fire-bonded silver conducting bands | 


and epoxy-resin encapsulation are 
added, providing a resistor which is 


compact, accurate, and virtually im- | 


pervious to weather, humidity, and 
salt-spray. Unit combines good 
high-frequency performance, long- 
range stability, good. shelf life, and 
freedom from noise. It also ex- 
hibits minimal change under high- 
level radiation, Unit is suited to ap- 
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“POP” Rivets depends on 
breaking point of the setting mandrel 
strength or skill of your operators. 


Remember, uniformly high grip — 
able fastening quality is just one 
reasons why “POP’’ Rivets run rings a 
If you're interested in improving 

ance and sales appeal of your prod 

ing costs at the same time . . . be sure 


3 


93 
af 


' CLINCHING 
HERE'S HOW THEY WORK a" - wae. 
“POP” Rivets are inserted and set from ——__—_—> 
the same side: (1) Rivet is inserted in | | us 
the work. (2) Jaws of the easy-to-use 2 || JAWS 
setting tool grasp the mandrel. (3) Toot bs 
is operated. Jaws pull back. Rivet is — 
set. Mandrel breaks and falls free. | | MANOREL SOS 

| BREAKS AND FALLS FREE 


SETTING TOOL 


SHELTON DIVISION * UNITED SHOE MACHINERY CORPORATION 


1524 River Road, Shelton, Connecticut, U.S.A. 
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Profit by...| CONTROLLED 
PERFORMANCE 
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TURBINE TYPE 


APCO PUMPS 


@ PROVEN DEPENDABILITY @ SELECTED COMPONENTS 

@ CALCULATED CAPACITIES @ MINIMIZED WEAR 

@ RUGGED CONSTRUCTION @ SERVICE FLEXIBILITY 

@ HIGHEST QUALITY CONTROL @ PRESSURES TO 400 P.S.I. 

@ APPLICATION ANALYSIS @ CAPACITIES TO 150 G.P.M. 





Ruggedness of construction and simplicity of design of APCO tur- 
bine type pumps combiné’to provide longer life, high efficiency, and 
minimized down time. This means more for your “pump operating 
dollar.” With APCO steep impeller characteristics there is little ca- 
pacity change under fluctuating head conditions. Select from the 
1001” types, sizes, and capacities of AURORA pumps to obtain 
the one specifically designed to fit your needs. 


APCO turbine type pumps are most frequently used for: Boiler 
Feed, Condensate Return, Fresh Water Service, Brine Service, Ice 
Water Circulation, Filter Service, LPG Service, Transfer Service, 
Caustic Liquid Handling, Sprinkler Service, Spraying Service, 
Water Treatment, Booster Service, and High Temperature Service. 


WRITE TODAY FOR NEW BULLETIN S-111 


AURORN AURORA PUMP pwision 





THE NEW YORK AIR BRAKE COM nat @®) | 
IMPS 800 LOUCKS STREET + AURORA: ILLINOIS 
LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 
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plications requiring close initial tol- 
erance and long-range stability, in- 


| cluding high-gain servo amplifiers, 


preamplifiers for nuclear detectors, 
and analog computers. Weston In- 
struments Div., Daystrom Inc., 614 
Frelinghuysen Ave., Newark 12, 
N. J. 


Circle 551 on Page 19 


Limit-Stop Assemblies 
are designed for 50 turns 


Redesigned 50-turn limit-stop as- 
semblies accommodate up to eight 
settings, operated by push-rod plun- 
ger assemblies. Up to eight switches 
can be actuated at any position 
within the 50 turns. Switch actua- 
tion accuracy is +5 deg or 0.027 


per cent. One cam-actuated switch, 
added to the assembly, produces 
accuracy of +2 deg or 0.011 per 
cent. An antibacklas’: device, as well 
as end-position energy-absorbing 
springs, are incorporated in the de- 
sign. United Control Systems Inc., 
918 Woodley Rd., Dayton 3, Ohio. 


Circle 552 on Page 19 
Air, Hydraulic Cylinders 
for service to 200 psi 


Series R Economair cylinders for air 
or hydraulic service to 200 psi in- 


| corporate Adjust-O-Stroke which 


provides easy adjustment of stock 
stroke lengths in l-in. increments 
to fractional-inch stroke-length re- 
quirements. Cushion kits can be in- 
stalled without disassembly to con- 
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How THIN... 
6 
SQUAT... 
QUIET... 


SUBMERSIBLE... 
can a motor get? 








This design aid can help you decide. It gives you 
guideposts to the motor parts affected by changes in 
length, diameter, electrical characteristics, sound 
levels and enviromental protection, tc better meet the 
needs of your products. It shows which features can be 
customized to your exact requirements at low and . dimensions 
moderate costs, and which changes are more costly. for the 


motor 


And it clues you on how surprisingly low, in many lelgelel erent 
cases, the practical production quantities can be (in designer 
many instances as low as 200 to 500). 


You'll want a copy if you are planning new products, 
or new designs for old products. And you'll value the 
additional help that Jack & Heintz can give you in 
working out the right customized answer to your motor 
needs, whatever they may be. Use the coupon or your 
letterhead — ask for your copy without obligation. 


JACK & HEINTZ 
P. O. Box 6719, Cleveland 1, Ohio 


Please send copy of ‘““New Motor Dimensions 
for the Product Designer.” 


Company 


Address 


GP JACK & HEINTZ 


A DIVISION OF 
THE CORPORATION 
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NEW NYLAFLOW. 
PRESSURE 
HOSE 


Weighs 1/5 as 
much...outperforms 
rubber hose of same Specie! Braid hi-tena Abrasion 


Polyamide Nylon Bonded resistant 
Innertube to Innercore Nylon Cover 


burst strength 


Flexible NYLAFLOW Pressure Hose* is Polymer’s newest answer to 
jobs requiring exceptional resistance to flex and vibrational fatigue. 


Available in burst pressure ratings of 5,000 up to 12,000 psi., and in 
long, continuous lengths and standard inside diameters up to 34” 
with compact, lightweight, reusable fittings or assemblies if desired. 


Typical Areas Of Profitable Application: 

e Hydraulic, high pressure lubrication and pneumatic lines—Un- 
affected by fiammable and non-flammable hydraulic fluids, an 
excellent non-conductor. 


e Freon lines—Remarkably low effusion rate for refrigeration and 
air conditioning applications. 
e Solvent or Hot paint lines— Unaffected by almost all organic solvents. 


e Anhydrous ammonia lines—Unaffected by long term exposure as 
proven by tests. 


NYLAFLOW 
PRESSURE 
TUBING in sizes up to 34"0.D., 
and burst pressure ratings of 
1000 and 2500 psi. Ideal for 
lower pressure requirements. 
Flexible for easy installation 
with standard flare or compres- 
sion fittings. 


Full details and i/lustrated 
brochures now available 
WRITE TODAY ! 


INDUSTRIAL PLASTICS 


THE POLYMER CORPORATION of PENNSYLVANIA, READING, PA. 


EXPORT POLYPENCO, INC., READING, PA., U.S.A. 


‘POLYPENCO’ 


*Patented 
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vert noncushioned cylinders to ad- 
justable units, and built-in metallic 
rod wipers have automatic wear 
compensation. Mounting _ brackets 
are interchangeable. Cylinders are 
available in 114, 144, 2, 3, and 
4-in. bore sizes. Modernair Corp., 
400 Preda St., San Leandro, Calif. 

Circle 553 on Page 19 


Pushbutton Fastener 


requires only 
single-hole mounting 


| Quick-mounting, compact, pushbut- 


ton fastener is available for rapid 
access to panel assemblies, cabinets, 
and components. Fastener requires 
single-hole mounting, and incorpo- 
rates a locking action for positive 
locking and release with minimum 
finger pressure. One push locks the 
fastener, and a second push releases 
it. Unit has 0.060-in. grip incre- 
ments. Camloc Fastener Corp., 37 
Spring Valley Rd., Paramus, N. J. 

Circle 554 on Page 19 


Pump-Motors 


are available in eight models 
with five fhp motors 


Type BM motor-pump units are for 
use as original equipment on appli- 
cations requiring low capacities and 
low pressures. Eight models result 
from a coupling of four pump sizes 


| with five fractional-horsepower mo- 


tors from 1/20 hp at 1750 rpm to 
14 hp at 3600 rpm. Capacities 


Progressing Dcharge 
Cavity Port 
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FALK STEELF 
for industric 





THE 


MILFORD 
RIV. 
& 


} 


the combination 
makes all 
the difference! 





Milford specializes in both rivets 
and rivet setting machines. This 
benefits you in three ways: 


1. Milford engineers help you 
determine not just a fastener, 
but the correct rivet for your 
assembly requirements. It may 
be semi-tubular, full tubular, 
split or compression; it may be 
a particular steel, brass, alumi- 
num or alloy; it may be plain, 
plated, japanned or anodized. 


2. The rivet setting machine and 
tooling recommended by Milford 
will be ideally matched to the 
parts to be assembled and spe- 
cifically geared to the volume 
you run. 


3. Get the combination that 
gives you lowest “in-place cost”’ 
— Milford rivets and Milford 
machines — for uninterrupted, 
quality production. 


We'll be glad to quote on your 
needs immediately. 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT * HATBORO, PENNA. 
ELYRIA, OHIO ¢ AURORA, ILL. ¢ NORWALK, CALIF. 
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| range from 6 gph at 40 psi to 360 


gph at 10 psi. In addition to 
water-like liquids, units also pump 
abrasive slurries and solids in sus- 
pension. Moyno Pump Div., Rob- 
bins & Myers Inc., Springfield, Ohio. 

Circle 555 on Page 19 


Speed-Reducer Attachment 


permits increased ratios 
and torque 


Helical gear attachment is avail- 
able for Radicon fixed-base worm- 


gear reducers with center distances 
of 4 to 8 in. Ratios can be in- 


| creased from 30:1 to 304:1 at a 


mechanical input horsepower range 


|. of 0.97 to 22.8. Torque can be in- 


creased from 19,000 to 39,800 Ib- 
in. Foote Bros. Gear & Machine 


| Corp., Dept. MJ, 4545 S. Western 


Blvd., Chicago 9, Ill. 
Circle 556 on Page 19 


Multipole Relays 


for industrial 
electronic control use 


Nyline multipole magnetically op- 
erated relays feature compactness, 
low cost, and high reliability. Pro- 
vided for industrial electronic con- 
trol use, relays are available in two, 
three, or four-pole, double-throw 
forms. All relays may be equipped 
with coils for ac operation to 230 


| v max and dc to 115 v max. Four- 





THESE 
TEMPLATES... 


“PACKAGE” 


wrap up 
your right-angle 
design problem! 


. .. And the transition to the “Package” 
concept of right-angle power transfer is 
that simple with this easy-reference tem- 
plate kit. 18 basic Crown right-angle 
units are shown on six template sheets, 
each full scale. 

WHY spend countless hours on research 
and drawings? WHY purchase expensive 
patterns, core boxes, castings, steel and 
other materials?. WHY manufacture fix- 
tures and gages? WHY machine, inspect, 
assemble and test components? 

WHY NOT OBTAIN THE IDEAL SOLUTION 
TO YOUR RIGHT-ANGLE PROBLEM... . 
IMMEDIATELY, AND AT TREMENDOUS SAV- 
INGS? 

Your local Crown Gear Distributor 
(Listed in Power Transmission Design Di- 
rectory) has the answers ... and your 
Template Kit. Call him or consult factory. 


)}CROWN 
GEAR 


320 PARK AVE., WORCESTER 10, MASS. 
A Division of Harrington & Richardson, Inc. 
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At last—a spiral-wound gasket no thicker 
than a wedding ring! Ideal for limited 
space or light flange applications, this 
new Garlock GUARDIAN Spiral-Wound 
Gasket is available in thicknesses as 
thin as 6” in gaskets up to 6” L.D., 
maximum flange width 4”. 


Controlled density affords more positive 


GASKETS seal. During manufacture of the new 


‘ . “wedding ring” GUARDIAN Gasket, the 
in Design proper selected thickness of filler ma- 


Engineering 


terial and preformed metal, the num- 
ber of laminations of filler and metal, 
and the correct tension of filler and 
metal while being formed into a 
gasket are the factors engineered to 
achieve proper gasket density. By con- 
trolling and varying these factors, 
Garlock is able to match the density to 
the pressure range. This built-in qual- 
ity is constantly checked by a Bald- 
win-Lima-Hamilton compression-test- 
ing machine, thereby assuring perfect 
sealing regardless of different pres- 
sures and different bolt-load require- 
ments. 


High-temperature, high-strength construc- 
tion. This new Garlock “wedding ring” 
GUARDIAN Gasket operates effectively 
at temperatures as high as +1900°F 
and pressures to 2500 p.s.i. or more. It 
is an excellent gasket where recycling 
temperatures are encountered. In the 
700°F to 1200°F range, Garlock uses 
a compressed asbestos filler with stain- 
less steel plies; in the 1200°F to 
1900°F range, a ceramic filler is used 
with several different types of metal 
plies, depending on customer prefer- 
ence. The ceramic is non-flammable, 
completely inorganic, and an outstand- 
ing chemical insulator. It resists mold, 
New, ultra-thin Garlock GUARDIAN* Gaskets solve the problem of high-temperature, mildew, and aging, thereby allowing 
limited-space sealing on missile and aircraft exhaust systems, turbines, other equipment. indefinite shelf life. 


Where service is severe and space at a 
premium, use new Garlock “wedding 
ring” GUARDIAN Gaskets. They may be 
the answer to your sealing problems. 
Find out more from your Garlock repre- 
sentative. Call him at the nearest of the 
26 Garlock sales offices and warehouses 
throughout the U. S. and Canada. Or 
write Garlock Inc.. Palmyra, N. Y. 


GA RLO CK 


Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket Co. 


Order from the Garlock 2,000...two thou- 
sand different styles of Packings, Gas- 
kets, Seals, Molded and Extruded Rub- 


ber, Plastic Products. 
*Registered Trademark 
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NEWS FROM THE ORIGINATORS OF METAL-SEAL FITTINGS 





Seal Ports in ALL Base Metals— 
Steel, Cast Iron, and Aluminum: 
L & L's ‘CN’ fittings are now made 
with a new special metal seal ring 
that works perfectly no matter what 
the component base metal. 


the ‘CN’ metal-seal 


tube atting SEALS 


[ straight-thread ports 





Seal ALL Straight-Thread Port Designs— 
There’s no change in the ability of ‘CN’ fittings 
to seal perfectly the $.A.E. port design, as well 
as the UN port design (the ultimate port for 
both O-ring and metal seal fittings). 


hee VI 


Captive nut wedges the metal seal ring 
into port angle. Resulting seal is unaf- 
fected by vibration, exotic fluids, high tem- 
peratures. Seal can be remade repeatedly. 








Write for ‘“‘Leak-Proof Port Connections” 





"SPECIALISTS IN HYDRAULIC FITTINGS" 


Land L Manufacturing Company 

21590 Hoover Road + 

DISTRIBUTORS IN PRINCIPAL CITIES 
Circle 320 on Page 19 


Warren, Michigan 








craftsmanship 
... dependability 
...service 


in, UO A-P-C product / 


A-P-C’s complete plant integration means 
better stainless steel components for 

you. Everything including drawing, stamp- 
ing, heat treating, pickling, welding, 
machining, polishing is done under one 
roof. There’s no lost time ...no pass-on 
of responsibilities to sub-contractors. 
A-P-C facilities are manned by skilled 
personnel, long recognized as 

stainless steel craftsmen, the world over. 
You can be sure of absolute dependability 
when you buy A-P-C products and 
services...no run is too small...no 

run too large. Write today for free 
illustrated brochure describing A-P-C 
products and services. 








ALLOY PRODUCTS 
CORP. 


1067 PERKINS AVE., WAUKESHA, WISCONSIN 
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NEW PARTS AND MATERIALS 





pole unit is 25% in. wide x 31% in. 
deep x | 29/32 in. high. Relay con- 
tacts, rated at 10 amp, are self-align- 
ing and self-cleaning. Ward Leon- 
ard Electric Co., Mount Vernon, 


m i: 
Circle 557 on Page 19 


Ceramic Capacitors 


for temperatures from 
—55 to +150 C 


CK-type general-purpose ceramic ca- 
pacitors, packaged in molded-plastic 
square cases, are designed primarily 
for military and high-temperature 


applications. Capacitors operate over 
a temperature range of -—55 to 
+150 C and are available in five 
case sizes—from 0.2 in. square to 
0.6 in. x 0.5 in. Working voltages 
are 200 and 500 v dc. Gulton 
Industries Inc., 212 Durham Ave., 
Metuchen, N. J. 

Circle 558 on Page 19 


DC Solenoid 


has ambient temperature 
range of —65 to +160 F 


Model 12SD535 two-coil, dc solenoid 
has met 2,000,000 cycles of opera- 
tion. Suited for business-machine 
and key-punch applications, unit 
has a diameter of 1.125 in. and op- 
erates over an ambient temperature 
range of —65 to +160 F. Solenoid 
response time is rated as 12 millisec 
max, with a force of | lb at 0.125 
in. stroke and at 60 v de. Tempera- 
ture rise within the unit is kept to 
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MULTI-STAGE BLOWER THIS 


May 25, 1961 
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New Globe multi-stage blowers drive cooling air against the extreme pres- 
sure resistance you encounter in heat exchangers, tightly packed black 
boxes, and crammed transistor circuitry. They deliver 39 cfm against 14” 
H,0 back pressure! (65 cfm free air.) With STAX-3-FC blowers you can 
design right past costly devices and heavy centrifugal air ‘“‘pumps’’ (that 
use 14 hp or more for comparable volume/pressure). And you can keep 
the whole package small. A limited number of units are stocked for proto- 
type quantity delivery to you in 24 hours. 

With a low specific speed (Ns=15,000) STAX blowers perform far 
past the stall regions of other axial blowers. Unique dynamically balanced 
rotor design permits the use of one, two, or three stages in the same 
size package. Motor operates on 200 v.a.c., 400 cycle, three phase power. 
Units are designed to meet applicable MIL specs; nominal continuous 
life is 1000 hours. Weight: 29 oz. (3-stage). Production tooling keeps the 
price within reason, If you need more performance, different power, etc., 
Globe will design the exact multi-stage blower you require. 

The powerful STAX is one of hundreds of miniature blowers made by 
Globe and engineered for your application. Request Bulletin STX, or call 
direct: Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 
BAldwin 2-3741. 


GLOBE INDUSTRIES, INc. _$Cj/Se@]=j5 


PRECISION MINIATURE A.C, & D.C, MOTORS, ACTUATORS, 
TIMERS, CLUTCHES, BLOWERS, FANS, MOTORIZED, DEVICES 
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RIVNUT FASTENERS LICK VIBRATION PROBLEMS ON 
TRAIN TELEPHONES. These portable carrier telephones, used on 


rapid transit cars, have to withstand frequent handling and train 


vibration and shock. The rugged construction includes use of 
RIVNUTS for vibration-resistant fastening. The manufacturer, Femco, 
Inc., of Irwin, Pennsylvania, also cut costs with RIVNUTS by speeding 
up assembly of components. RIVNUTS are the first blind fasteners 
with internal threads—provide strong nutplates in thin-gage metal. 
For data booklet showing applications, sizes, and tool data, write 
Dept. MD-5, B.F.Goodrich Aviation Products, a division of The 
B.F.Goodrich Company, Akron, Ohio. 


BEGoodrich RIVNUTS 
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NEW PARTS AND MATERIALS 





| 40 deg max. Western Div., IMC 


Magnetics Corp., 6058 Walker Ave., 
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Glow Lamps 


have starting time of 
less than 1 millisec 








| Available in three types, new glow 
| lamps have a starting time of less 
| than 1 millisec, in complete dark- 


ness as well as in light. Three types 


are designated LT2-27-IR, with 


breakdown voltage de of 104-112 
and maintaining voltage de of 64-74; 


| T2-27-1R100, with breakdown and 


maintaining voltage dc, respective- 


| ly, of 66-74 and 52-59; T2-27- 


1WR760, with voltages of 170-200 


| and 70-75. Signalite Inc., Neptune, 
| N.J. 
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Lug-Type Resistor 


is now available 
in 10-w size 


| Line of lug-type, vitreous-enameled, 


tubular-core resistors with ratings 
from 25 to 200 w now includes a 
10-w size. It is available in 53 
different resistance values from 0.51 
to 51,000 ohm. Resistor is wound 
on high-quality ceramic core. Vitre- 
ous enamel anchois the turns in 
place and protects the windings. 
Ohmite Mfg. Co., 3670 Howard St., 
Skokie, IIl. 
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Motor Generator 
is only 1.565 in. long 


Size 5  servomotor-generator, de- 
signed for applications where mini- 
mum size and weight are required, 
weighs 1.1 oz and is 1.565 in. long. 
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EATON 


DYyNA-TOoRQ 


MAGNETIC-FRICTION CLUTCHES and BRAKES 


The Ideal Solution to Exacting 
Clutching and Braking Problems 


2 — These highly responsive, trouble-free units provide 

3 =38 accurate control of intricate automatic machinery. 
ar Ee Operating on 6, 12, 24 or 90 V.D.C., Dyna-torQ 
= units may be actuated by micro-switches, photo- 
it ag electric cells, relays or any “ON-OFF” signal to 

) ae perform a wide range of functions in processing 

LD and fabricating applications. The compact rectifier 

ll | type control converts AC power to DC power and 
may be remotely mounted out of busy machine areas. 


Eaton Dyna-torQ Clutches and Brakes are available 
from 134” through 15” in diameter. They may be 
easily and quickly installed on either new or exist- 
ing plant equipment. Exclusive features of design 
and construction mean worthwhile savings. 


HP @ 1800 R.P.M. (Typical Application) 





MODEL HP MODEL 


302 1/20 308 
303 % 310 
304 1 312 
305 2 315 




















Dyna-torQ Distributors in many principal 
cities carry Dyna-torQ Clutches and 
Brakes in stock for immediate delivery. 


ACCURATE POWER CONTROL 
DEPENDABLE MOTION CONTROL 
RAPID RESPONSE « LOW MAINTENANCE COST 
EASY BUILT-IN INSTALLATION 
WIDE RANGE OF SIZES AND CAPACITIES 
Ask your Dyna-torQ Distributor to demon- 
strate Dyna-torQ in action and see for yourself 


the many possible applications for Dyna-torQ 
in Motion Control and Power Transmission. 


DYNAMATIC DIVISION 
EAT MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE @ KENOSHA, WISCONSIN 
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Send for Illustrated Literature. 

















small and fine pitch gears 
for precision equipment 


No matter how fine your gear requirements — Perkins can solve your 


problems. 


Perkins unique custom-gear engineering service, available to 


your engineering staff prior to the blueprint stage, will... eliminate 
production headaches . .. cut excessive costs. This service — recognized 
by leaders in the radar, electronic and missile fields, and backed by 52 
years of custom gear experience — assures the precision quality needed to 


guarantee trouble-free operation. 
..» Perkins skilled personnel, 
together with modern up-to- 
date equipment guarantees 
fast delivery on prototypes 

or production runs. Call or 
write Perkins for complete 
information on custom-gear 
engineering and a quotation 

On your requirements. Then 

judge for yourself. if 


meincel 


Don’t gamble with gear performance 


YOURS ON REQUEST 
Folder showing cus- 
tom gears Perkins has 
made (from various 
materials) for aircraft, 
automotive, precision 
instruments, home 
appliances, portable 
and machine tools, 
and other products. 
Includes Perkins fa- 
cilities for producing 
various gear types and 
sizes. Write today. 


RKINS 


/> MACHINE AND GEAR CO. 


Dept. 73 West Springfield, Mass. 
Telephone: REpublic 7-4751 
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NEW PARTS AND MATERIALS 





Motor and generator are contained 
in a single stainless-steel housing, 
and rotate on a common shaft. Ex- 
citation voltage for both motor and 
generator is 26 v, 400 cycles. Torque 
at stall is 0.1 oz-in., acceleration at 
stall is 37,000 rad per sec per sec, 
and no-load speed developed is 
10,000 rpm. Helipot Div., Beckman 
Instruments Inc., 2500 Fullerton Rd., 
Fullerton, Calif. 
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Filter Reservoir 


has wide-angle 
visibility 


Saf-T-Bowl reservoir for compressed 
air filters and lubricators is metal 
with a visible indicator of the level 
of fluid inside it. Indicator uses a 
Pyrex tube as a column gage. Level 
of the contents is visible a full 230 
deg, so that it can be seen from be- 
hind. When installed on an air 
line, sight gage can be rotated to 
face in any desired direction. Bowl 
is unaffected by high temperatures, 
high pressures, steam cleaning, 
solvents, synthetic compressor oils, 
or impacts. Wilkerson Corp., 
1601 W. Girard Ave., Englewood, 
Colo. 
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Extruded Sealers 


provide positive sealing 
of uneven or tapered joints 


Extruded rubber-base sealers have 
a cross-sectional design that permits 
positive sealing of uneven or ta- 
pered joints. Designated EC-2121 
(hollow) and EC-2131 (solid), 
sealers seal between mating metal 
surfaces. They act and perform as 
a rubbery gasket when pressed into 
a seam and tightened between the 
sealing surfaces. They conform 
readily and provide a seal around 
corners without splicing or special 


Macuine DesIcn 





XEROGRAPHY for engineering-drawing reproduction... 


lets you distribute top-quality prints on ordinary paper 
in minutes...reduced or size for size...with big savings 


XEROGRAPHY .. . dry, clean, fast, electro- 
static... takes the ‘‘wait” out of engineer- 
ing-print reproduction and distribution for 
hundreds of the nation’s leading firms. 
One large user reports annual savings in 
excess of $500,000 over previous meth- 
ods. Smaller users report proportionate 
savings. Xerography can be the answer to 
your print reproduction problems, too. No 
capital investment: XeroX® copying equip- 
ment available at modest monthly rentals. 


For high-quality offset paper masters: 
XeroX Model 1218 copy- 
ing equipment combines 
with offset duplicating . . . 
and the results are spectac- 
ular! This equipment pre- 

: pares sharp, inexpensive 

paper masters from original drawings of A 

to D size. The larger drawings are perfectly 

reduced to 12” x 18” masters, from which 


multiple prints can be run off in seconds. 


Volume reproduction from original draw- 
ings or roll microfilm: Just push a button 
on the XeroX Copyflo® con- 
tinuous printer for sharp, 
dry, ready-to-use prints (on 
ordinary paper, vellum, or 
offset paper masters up to 
12” wide). Prints are made 
at the rate of 20 linear feet a 
minute. Copyflo printers reduce, enlarge, 
or copy size-to-size from original drawings 
or roll microfilm (16 or 35mm). 


Reproduction from card-mounted mi- 
crofilm: The XeroX Copyflo 24C continu- 
ous printer and the exciting new Copyflo 
1824 printer automatically produce dry, 
positive prints on ordinary paper, vellum, 
or offset paper masters from 35mm card- 
mounted microfilm! The Copyflo 24C 
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produces ready-to-use 
prints (up to 24”x36”) at 
the rate of 20 linear feet 
a minute! The new low- 
cost Copyflo 1824 printer, 
for small volume users 
large, decentralized 


A 
ee or 


users, produces prints 


from 8Y4"”x11”" to 18x24”. 
Get all the facts. Write: 
Haloid Xerox Inc., Dept. 
61-172X, Rochester 3, N. Y. 
Branch offices in principal 
U. S. and Canadian cities. 
Overseas: Rank-Xerox Ltd. 


= 


iD 
X 





TURBINES: 





Shell reveals three ways that Turbo Oils help prevent 


oil breakdown, rust, sludge and foaming 


Small quantities of air and water 
can work their way into any tur- 
bine lubrication system. These 
contaminants can accelerate oxi- 
dation of the oil. 

Read how Shell scientists devel- 
oped a specific formulation that 
counters this oxidation and brings 
you turbine lubricating oils with 
top performance records. 


HEN oxygen attacks turbine oil, 

\ \ it can form peroxides and organic 

acids. A chain of oxidation reactions 

begins. If the oil stability is inadequate, 
sludge can form. 

Air entrained in the oil can aggra- 
vate oxidation. And it may cause foam- 
ing. 

The oil may also be affected by 
water in the system. Laboratory tests 
have shown that water can greatly ac- 
celerate an oxidation process. 

With Shell Turbo® Oil, Shell tackles 


these problems in three key ways: 


1. Shell carefully selects base oils for 
use as turbine lubricants, then refines 
them to get the most effective response 
to Shell’s special additives. 


2. Shell adds a powerful oxidation in- 
hibitor to its precisely refined base oils. 
This inhibitor helps prevent the chain 
of oxidation reactions caused by oxygen 
exposure at operating temperatures. It 
helps keep the oil in good condition, 
and lengthens its service life. 

Che result is that Shell Turbo Oils 
have proved themselves unusually 


stable over long service periods. 


3. Shell uses an outstanding rust in- 
hibitor. As a protective measure, Shell 


uses special additives that cover metal 


204 


RERREERE BBE HERE 


Shell Turbo Oils lubricate turbines with total rating of more than 17 million kw in the 


U.S. and Canada. 


lic surfaces with strongly adherent 
polar-type films. 

These films are designed to help 
keep water from the metal surface. 





A message to manufacturers 
of turbine equipment 
There are several grades of Shell 
Turbo Oil. One of them suits your 

equipment. 

1. Your customers can get Shell 
Turbo Oils at Shell depots every- 
where. Readily available through- 
out the world. 

2. Quality is consistently high. 
Shell Turbo Oils always deliver top 
performance. 











In drastically accelerated laboratory 
tests, metals immersed in Shell Turbo 
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Oils show outstanding anti-rust per- 
formance — even in the presence of sea 
water. 

Ask your Shell Industrial Products 
Representative for facts on Shell 
Turbo Oils. Or write: Shell Oil Com- 
pany, 50 West 50th Street, New York 
20, New York. 


‘SHELL 
wy 


A BULLETIN FROM SHELL 


—where 1,997 scientists are working 
to provide better products for industry 
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NEW PARTS AND MATERIALS 





fitting. Both sealers resist moisture, 
salt spray, and weathering. Adhe- 
sives, Coatings, & Sealers Div., 
Minnesota Mining & Mfg. Co., 900 
Bush Ave., St. Paul 6, Minn. 
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Trimmer Capacitor 


has 3%-in. diam and 
operates to 125 C 


Style 538 miniature ceramic trim- | 
mer capacitor, suited for industrial | 
and military applications, has a di- | 
ameter of 34 in. and an operating | 
temperature to 125C. Approxi- | 
mately one-third the size of com- | 
pany’s existing ceramic trimmers, | 
unit covers approximately 80 per 
cent of the capacitance range. Elec- | 
tronics Div., Erie Resistor Corp. | | 
644 W. 12th St., Erie, Pa. | 
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Miniature Magnetic Counter 


for use in adverse conditions 


Model CG-H vapor-sealed minia- | 
ture magnetic counter is available | 
for operation in adverse conditions | 
of extreme moisture, humidity, salt | 
spray, sand, and dust. Basic counter | 
is available with or without panel- | 
mount flange, in additive or sub- 
tractive models. Figures are white, 
and range in height from 0.120 to 





0.130 in. Operating voltage is 20 | 
to 29 v de, and is 8.5 w at 28 v de. | 
Capacity is 0 to 9999, and maxi- | 
mum speed is 10 counts per sec. | 
Unit operates in temperatures from | 
—65 to +150F. Abrams Instru- 
ment Corp., 606 E. Shiawassee St., | 
Lansing, Mich. 
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From the wood split pulley of 

1886, to the most modern and 

efficient power transmission 

components of the 60’s . . . the 
emphasis at Browning always has been 
on superiority of product and service. 
Our program of continuous search for 
new designs and improved methods is 
evidenced by the many innovations in 
the present Browning line. 


This is industry’s most convenient 
one-stop shopping center, including 


Gripbelt V-Drives _ Couplings 
Roller Chain Drives « FHP V-Drives 
Gearbelt Drives e Paper Pulleys 
Bearing Units e Poly-V Drives 


Plus many others . . . thousands of items 
off distributors’ shelves, ready to use. 


You may be sure that the many ac- 
complishments of these first 75 years are 
but indications of much gas 
progress yet to come. We 
invite you to share with us 
this progress! BROWNING 
MANUFACTURING COMPA- § 

NY, MAYSVILLE, KENTUCKY. 
Write for General Catalog GC101 


Broun 


POWER TRANSMISSION EQUIPMENT 
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Special Motors 
are Standard 


AT PEERLESS ELECTRIC! 


Need a special motor? Our knowledge may aid in reducing the engineering time. 
We are the exclusive supplier to many manufacturers for motors with unusual 
operating conditions and duty requirements. Write us your needs! 








DRIP-PROOF (open type) 


Completely protected against drip- 
ping liquids and falling particles. 


TEPC and EXPLOSION-PROOF 


External fan draws cool air across motor to- 
ward driven machine. 


DIRECT CURRENT 


High starting torque, good over- 
load capacity and high electrical 
efficiency. For rough usage. 


EXPLOSION-PROOF 
TORQUE MOTOR 
WITH BRAKE 


SPECIAL FLANGE REVERSING 
HOIST MOTOR, SINGLE PHASE 


! 
| 
| 
| 
| 
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| 
| 
| 
| 
| 
| 
| 
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| 
| 
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ENGINEERING DATA: Special mountings. Various modifications—special shaft 
features; paint and varnish treatments, Class A, B, F, H insulation. Peerless builds 
to standards and specifications of JIC, AIEE (including AIEE No. 45 Marine 
Duty), ABS, Federal and Military. 


WRITE FOR BULLETINS: Space-Saver, SP-1; Torque, T-1; Complete Line, SDA- 
155. Peerless Electric Division, H. K. Porter Company, Inc., W. Market Street, 
Warren, Obio. 


PEERLESS ELECTRIC DIVISION 


H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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Torque Transducer 


for torque sensing on tests 
of rotating devices 


Torque transducer is available in 
models with ranges from 50 oz-in. 
to thousands of pound-inches. Unit 
provides torque sensing on tests of 
rotating devices. Case reaction of 
the test unit mounted to the table 
is measured by means of bonded 
strain gages on special flexure 
straps that eliminate all friction- 


| 


error sources. There is no limita- 
tion to speed of rotation, and no 
maintenance requirements of bear- 
ings or brushes. Lebow Associates, 
14857 W. Eleven Mile Rd., Oak 
Park 37, Mich. 
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Portable Osciliograph 


has record speeds of 
0.25, 1, 4, 16, and 64 ips 


Type 5-124 portable industrial oscil- 
lograph is a five-speed, pushbutton- 
controlled unit which has record 
speeds of 0.25, 1, 4, 16, and 64 ips. 
Any speed can be selected while mo- 
tor is running without interrupting 
recording operation. Unit furnishes 
records by the print-out process and 
has a 200-ft record capacity of 7-in. 
paper. Front access for loading, op- 
erating, and data viewing makes the 
unit usable in rack-mounted installa- 
tions. Constructed of modular com- 
ponents, it is 15 in. long, 13 in. 
wide, 73% in. high. Writing speeds 
to 50,000 ips are attainable. Grid- 
line optics incorporate a parallel- 
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15 SECONDS 
Upset-forging starts. 


30 SECONDS 
Rolling cycle starts. 








40 SECONDS 


Forging is completed. 








55 SECONDS 


One minute... one circular forging 


That’s all the time it takes to convert a heated 
billet (100 to 2,000 Ib) into a contoured. forging 
on Bethlehem’s unique Slick Mill. 


But fast operation is only one reason why Sethle- 
hem’s Slick Mill turns out a top-quality forging at a 
price that’s hard to match. 


Ask us, or our nearest sales office, about the quick 
die changes, which make it possible—and economical 


> \ for Strength 
” 


..- Economy 
.». Versatility 


BETHLEHEM STEEL COMPANY, Bethlehem, Pa. 
Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


—to set up production runs as small as 25 or 50 pieces. 
Ask about the low die charges which are made possi- 
ble by the brief contact between die and work. Ask 
about the light-weight sections this mill can produce, 
without sacrificing strength. 


We'd also like to tell you about the excellent grain 
flow, machinability, and soundness of every Bethlehem 
circular forging. 


Ask. You'll like the money-saving answers. 
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Forging is removed from mill. 


Every Tomorrow brings new demands, new 
concepts, new developments, new products to ever- 
growing markets. Designers are daily delivering new ideas 


to production people — each requiring new special 


parts, new component assemblies, new fasteners. 


With every dawn, Elco puts into pro- 
duction some result of a designer’s new idea, 


some satisfaction of a buyer’s requirement, some 
engineer’s solution of a pressing problem. Are any 


of yours among them? Buy Elco 


and You buy the best! 


ION 
ILLINOIS 


“Whe idly 


Db pay 
Hail 


a 
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light system to produce accurate grid 
lines in either 0.1 in. or millimeter 
increments. Trace widths of 0.010 in. 
assure accurate resolution of data. 
Electro-Mechanical Instrument Div., 
Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, 
Calif. 
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Strain Gage 
is operabie to 400 F 


Type P-8 flat-grid, polyester-base 
wire strain gage has grid dimensions 
of 5/16 by 5/64 in. It can be in- 
stalled at room temperature in 20 
min using an adhesive, and _ per- 
mits operation to 400 F without ele- 
vated-temperature cure. Polyester 
base is transparent. Each gage is 





TORRENT 
TRICKLE 


marked with gage factor, resist- 
ance, and lot number. Metrix Inc., 
P. O. Box 683, Walnut Creek, Calif. 
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Calibration Tester 


for testing recording 
or indicating instruments 


Calibration tester BH153 is a direct- 
reading, adjustable-voltage source, 
simulating the dec electrical output of 
transducers with a setting accuracy 
of 0.05 per cent. It is used for field 
or laboratory testing of recording or 
indicating instruments in the milli- 
volt or microvolt range. Unit is 
matched to the curve of any de 
transducer in either direct or indirect 
terms of reference, and simulates 
the outputs of thermocouples, pres- 
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sure transducers, differential pres- 
sure transducers, and strain gages 
in any desired scale units. Scale 
can be graduated in several ranges 
in terms of cardinal points of the in- 
struments to be calibrated, or in a 
single range up to 1000 scale di- 
visions. Size is 4 x 2% x 2% in. 
Howell Instruments Inc., 3479 W. 
Vickery Blvd., Fort Worth 7, Tex. 
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Microfilm Card Reader 


has glarefree screen made 
of new plastic crystals 


Model 4305 table-model 35-mm 
microfilm card reader is designed 
for brilliantly lighted drafting 
rooms. It projects a sharp, bright 
image of uniform intensity on a 
101% x 12-in. glarefree screen of 
newly developed plastic crystals. 
Unit has a 14X magnifying power. 
Single control provides movement 
of film image in all directions, and 
a scanning device gives rapid view- 
ing of selected film-image areas. 
Film is protected by a glass film 


Ten thousand standardized Deming 


Pumps... outstanding answers to 


special application problems in virtu- - 


or 


ally every industry. But, if you don’t 
find a Deming Pump exactly suited 
to your particular requirements in our 
catalog, our pump engineers are 


It’s 
10,000 to 1 


DEMING | 


has the answer 
to your 
Special 
Pumping 
Application 


ready to work with you. 


CJ | would like to talk to one of your 
applications engineers about my 
special pumping problem 


[] Please send descriptive literature 
on Deming pumps for 





(your application) 
Your Name 





Attach to your business card or 
letterhead and mail to: 


594 Broadway + Salem, Ohio G 


wy 


ei 


<k, 
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ENGINEERING DEPT. EQUIPMENT 


gate carrier which does not inter- 
fere with focus. Reader operates 
on standard 115-v, 60-cycle, 1% 
amp, ac. Eugene Dietzgen Co., 
2425 N. Sheffield Ave., Chicago 14, 
Ill. 

Circle 571 on Page 19 


Engraving Instrument 


has built-in, 
wide-angle lens 


| New Aristo engraver for architects 
and draftsmen is for use on all 
types of materials and coated sur- 
faces. It has a built-in, wide-angle 
lens with 4X magnification, and is 
available with a variety of scribing 
points for single or double lines. 
Unitech Corp., 50 Colfax Ave., Clif- 

ton, N. J. 
Circle 572 on Page 19 


Logic-Symbols Template 


is based on 


MIL-STD-806A 


No. 541 standard logic-symbols tem- 
plate contains symbols designed for 
use on basic-logic and engineering- 
logic diagrams associated with digital 
processing systems. It is based on 


MIL-STD-806A. Template is 0.060- 


for leading Motor Manufacturers 


for OVER 50 YEARS 


in. green tinted plastic, and all cut- 


ease of use. Over-all size is 7% 
BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT * ELECTRICAL CONTACTS * GRAPHITE BEAR- : ite 
INGS & SEAL RINGS * SLIDE & SNAP SWITCHES + ELECTROCHEMICAL ANODES + ROCKET Nozzies | X 4 in. Rapidesign Inc., P. O. Box 
WELDING & BRAZING TIPS * CERAMIC MAGNETS + FIXED & VARIABLE RESISTORS « Ferrites | 429, Burbank, Calif. 
AND MANY MORE Circle 573 on Page 19 
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WHY PAY FOR METAL WASTE? 


Here is how to cut costs on your next tube order... 
by eliminating excessive metal waste and unneces- 


sary machining time. 

NOW FOR THE FIRST TIME you can order the exact 
size tube 0.D.’s you need from 2.25” to 50” with wall 
thicknesses from .25” to 8”. An exclusive “first” in 
centrifugally spun tubing—the ACIPCO CERAM- 
SPUN® process* makes this revolutionary develop- 
ment possible. 


YOU BUY WHAT YOU NEED...NO MORE. Further- 
more, the cost of unwanted crop ends can be 


ACIPCO CERAM-SPUN 


STEEL TUBING 


eliminated and tubes can be cast to specified lengths 
from 4 feet to 20 feet. Longer lengths are made by 
welding. 

OTHER ADVANTAGES? ACIPCO’s complete “under 
one roof” operations — including heat treating, 
machining and welding — save you the delays and 
excessive costs that often result in buying from mul- 
tiple supply sources. 

Let us tell you more about ACIPCO CERAM-SPUN® 
... contact us today. ACIPCO STEEL PRODUCTS, 
Division cf American Cast lron Pipe Company, Birm- 
ingham 2, Alabama. 


* Patent applied for 
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Which coupling cuts costs? 


All of Waldron’s many types will reduce maintenance and operating 
costs, and Waldron’s engineers will help you specify the best one 
for your power transmission, whether the drive is big or small. 


Type Bore 


Max. torque 


inch-pounds en apm 





Standard Gear 


Series A Ya to 


716,310 12,000 





Francke 


5 1 
Pin Type % to 1012 


567,000 





Nylon Gear 
Series M 





f sie gegen] 


All Nylon 
Series J 





High Speed 
Series HS 


1,197,000 





Cutout Coupling 


Uh to 25 
Anchor-Waldron V2 to 2% 


5,200 3,000 





Cutout Pulley 


5 5 
Anchor-Waldron Ye to 25% 


17,500 2,400 





Heavy-Duty Gear 


2,520,000 
5,000,000 


St’'d 2,000 
Forged 4,000 





High Misalignment 
Series X 


See | tos 


400,000 6,500 





This is merely a sample of the Waldron line, which also includes mill 
motor, floating shaft, Jordan, shear pin, vertical, spacer, oil collector, 
marine, brake wheel, and continuous lubrication types. Write for cata- 
log or data sheets on the types you are considering. 


WALDRON 


WALDRON-HARTIG, Box 791, New Brunswick, N. J. 
a division of Midland-Ross Corporation 


Mt = | 
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THE ENGINEER’S 


Recent Books 


Dynamic Analysis of Machines. By Jo- 
seph E. Shigley; 645 pages, 534 by 9 in., 
clothbound; published by McGraw-Hill 
Book Co. Inc., 360 West 42nd St., New 
York; available from Macuine Desicn; 
$7.50 per copy postpaid. 


Unit vector approach is used to 
determine the static and dynamic 
forces in machinery including gears 
and gear trains, linkages, and plane- 
motion and space mechanisms. Me- 
chanical vibrations are introduced 
as an integral part of dynamics in- 
cluding material on free vibration 
with and without damping, har- 
monic forcing, and natural frequen- 
cies of beams and shafts. Separate 
chapters are included for cam dy- 
namics and feedback systems. 


Rubber and Tire Friction. By H. W. 
Kummer and W. E. Myer; 95 pages, 8'/% 
by 11 in., paperbound; published by En- 
gineering Publications, 227 Hammond 
Bldg., The Pennsylvania State Univer- 
sity, University Park, Pa.; $3.00 per copy. 


The mechanism of rubber fric- 
tion is discussed under such topics 
as existence or nonexistence of a 
static coefficient, transient behavior 
of adhesive friction at nonsteady 
sliding velocities, rise of sliding co- 
efficient with sliding velocity, the 
meaning of slip, and dependence of 
the critical coefficient on slip and 
vehicle velocity. Also explored are 
the effects of tire geometry, pres- 
sure. distribution in the footprint, 
vehicle speed, and water-film thick- 
ness on obtainable coefficient. 


Metals Handbook, 8th Edition, Vol. 1— 
Properties and Selection of Metals. 1300 
contributors; 1300 pages, 814 by 10% in., 
clothbound; published by American So- 
ciety for Metals, Novelty, Ohio; available 
from Macutne Desicn, $30.00 per copy 
postpaid. 


This is the first of a series of 
volumes that will supersede the 
single-volume 7th edition of the 
Metals Handbook. This volume 
presents data on the properties of 
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Research Report 


i Caused by 
Parts Failures ok 
Unsuspected and Widespread ues 
: ie 
ee Nonmetallic Abrasive Contamina 
on Bearing Surfaces 


...two-year study establishes microscopic abrasive particles 
as principal cause of erratic performance and premature 


failure of bearing surfaces 


In this exhaustive analysis of more than 8000 new 
and failed precision components, 81% of failures 
have been detinitely traced to the presence of non- 
metallic abrasive particles introduced by finishing 
operations, as well as through contamination of 
lubricants, and by the operating environment. 


The study established that these particles can- 
not be detected by commonly used microscopic 
inspection techniques . . . nor can they be removed 


Me tec oftI 
COMPANY 


Division of Advance Industries, Inc. 


1505 East End Avenue ° Chicago Heights 5, Illinois 


Other Plants Located at: 


Cleveland 12, Ohio 
1325 E. 152nd St. 


Providence 1, R.I. 
148 W. River St. 


Los Angeles 11, Calif. 
1947 Hooper Ave. 


by ultrasonic or conventional cleaning procedures. 


This dramatic report details research, docu- 
ments results, and offers recommendations for 
eliminating this hitherto unsuspected cause of 
failure. It may be the complete answer to your 
critical reliability requirements. 


MAIL COUPON FOR YOUR FREE COPY 


THE ELECTROLIZING COMPANY 
Division of Advance industries, Inc. 


1505 East End Ave., Chicago Heights 5, Illinois 


Please send your new Research Report without 


cost or obligation. 


Name 


Company 
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Replace costly machined or 
molded parts with formed 
RULON Tape. 


Leading manufacturers across the 
country are cutting design costs by 
stamping or post-forming parts from 
RULON (filled TFE) tape. With 
Dixon’s RULON Tape in thicknesses 
from .004” to .125”, 
you pay only for 
what you use. You 
use a minimum of 
material ... and 
reduce costs up to 
10 to 1. You take 


<> 


ory, too, for tighter 

fits and better seals. 

RULON Tape gives 

your product these 

performance-improv- 

ing qualities: (1) low 

friction, (2) high 

wear resistance, (3) 

low deformation 

Bearings under load, (4) wide 
temp. tolerance 

(-—400°F to +500°F), (5) chemical 

inertness, (6) lube-free . operation, 

and (7) zero water absorption. 

Whether you need stamped or post- 

formed parts for pumps, valves, 

compressors, bearings, meters, or 

what have you, it pays to rely on 

(1) Dixon’s wide selection of basic 

shapes (in both RULON and Tefion), 

(2) Dixon’s knowledge of fluoro- 

car>on reinforcing agents, and (3) 

Di».on’s facilities for fabricating parts 

to print. 

See RULON designers 

guide book — Bulletin 

#9572 in Sweet's Prod- 

uct Design File, or send 

details for recommenda- 

tions. DIXON CORPO- 

RATION, 100 BURN- 

SIDE ST., BRISTOL, 

RHODE ISLAND. # DuPont T.M. 


Piston Rings 


DIXON 
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metals and provides practical in- 
formation on selection of metals for 
specific purposes. The major sec- 
tions of the handbook cover carbon 
and low alloy steels, stainless and 
heat resistant steels, and nonferrous 
metals. Other articles discuss se- 
lection for maximum yield strength 
at minimum cost, hardenability, 
notch toughness, wear resistance, 
and resistance to corrosion. 


The Design of Small Direct-Current 
Motors. By A. F. Puchstein; 407 pages, 
534 by 9 in., clothbound; published by 
John Wiley & Sons Inc., 440 Park Ave. 
South, New York 16, N. Y. Available 
from Macuine Desicn, $12.00 per copy 
postpaid. 


A compendium of methods for 
solving the problems in calculation 
and design of direct-current motors 
is presented. Primary emphasis is 
given to electromagnetic aspects and 
usually the smaller-size machine is 
considered. Specific topics include 
design of armature windings, slot 
and tooth proportions, field wind- 
ings and structures, interpoles and 
interpole windings, and pole leak- 
age permeances and fluxes. Useful 
curves and formulas are included. 


Government Publications 


OTS Technical Reports. Copies of re- 
ports listed below are available ad Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. 


PB 161474. Fracture Testing of High-Strength 
Sheet Materials Under Conditions Appropriate 
for Stress Analysis. By G. R. Irwin; 44 pages, 
8 by 10% in., paperbound; $1.25 per copy. 

This report describes and justifies a method 
for evaluating fracture toughness of thin sheet 
metals. The criterion of toughness is taken as 
a parameter which characterizes the intensity 
of the stress field surrounding the crack tip. 
To obtain a measure of this property, the 
procedure provides for tensile testing of a 
sheet specimen containing sharp notches or 
initial cracks oriented normal to the applied 
tensile stress. 


TN D-521. The In-Plane Vibrations of a 
Flat Spinning Disk. Ey James G. Simmonds, 
Langley Research Center; 44 pages, 7% by 
10% in., paperbound, side-stapled; $1.25 per 
copy. 

Analyzed are static and vibrational in-plane 
deformations of a thin, flat, elastic, homogene- 
ous disk rotating at constant speed. A disk 
attached to a rigid central hub of finite diam- 
eter, and a freely spinning disk are considered. 


PB 151093. Design Information on PH 15-7 
Mo Stainless Steel for Aircraft and Missiles. 
By R. J. Favor, O. L. Deel, and W. P. Ach- 
back, Battelle Memorial Institute; 38 pages, 
8% by 11 in., paperbound; $1.25 per copy. 


Report contains current information on the a 


PH 15-7 Mo stainless-steel alloy. A brief ac- 
count of metallurgical and processing infor- 
mation is given to acquaint designers with 
what mey be new terminology common to 
expanding use of ferrous-base precipitation- 
hardenable materials of this general type. Ten- 
tative design-allowable strengths are contained 
in Appendix A. These strength values are under 
consideration by MIL-HDBK-5 (Superseding 
ANC-5), Strength of Metal Aircraft Elements. 
Appendix B contains plots of substantiating 
data on which the design allowables are based. 


| Can you identify 





| 
| 
| 
| 
| 
| 
| 
| 
| 


these springs? 


A.flat B.helical C.volute 0. extension 
&. helical f.cone_ G. helical, triple-coil 
H. rectangular section 


Over One Million 
ALCO SPRING 
DESIGNS 


ALco’s complete line of ‘‘performance- 
rated’’ springs ranges from small 


9 sPrings for light work to heavy-duty 
| triple-coil springs for heavy, sustained 


work. 
In over 80 years, ALCO engineers 


| have produced more than one million 


spring designs to serve almost every 
conceivable application. 

For your next spring job, contact 
your nearest ALCO sales office. To 
obtain brochure, ALCO Springs for 
Industry, write to ALCO Products, 
Inc., Dept. 160, Schenectady, N. Y. 


[ALco| 


ALCO PRODUCTS, INC. 
NEW YORK 
SALES OFFICES IN PRINCIPAL CITIES 
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your guide 
gear pump | 


for your 
application 


This new catalog is an invaluable direc- 
tory to no less than 129 pump-and- 
electric-motor-combinations — any and 
all available off-the-shelf! 


Searching for gear pumps with top volumetric effi- 
ciencies? Do your performance requirements fall 
into one of these three major groups? 
@ Eastern 1200 series — up to 1.6 gpm — 
pressures to 800 psi 
@ Eastern 100 series — up to 5 gpm — 
pressures up to 1500 psi 


Other Eastern products: 
@ hydraulic motors @ positive displacement pumps 


@ centrifugal pumps @ aircraft pumps 
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@ Eastern 700 series —- up to 9.8 gom — 
pressures up to 1500 psi 
If one or more of these performance ranges meas- 
ures up to what you need, save hours of searching 
your way through the gear pump maze — send for 
catalog 810 now! 


EASTERN 
INDUSTRIES, 
INCORPORATED 


Hamden, Connecticut 





put Bedi f1# in your designs 


( )) 


QUIET 


HEINZE 
YS 
BLOWERS 
AT WORK 




















C 

















Slow speed 4 pole shaded pole 
induction motor and large bal- 
anced air rotors minimize air 
noise to provide smooth, quiet 
operation. YSS Single Blower de- 
livers 50 cfm at 1650 rpm; YSD 
Double Blower delivers 100 
cfm. 115V, AC, 60 cycle is stand- 
ard but other voltages or 50 cycle 
operation may be supplied. Rota- 
tion is CW or CCW. CRS hous- 
ing has baked enamel finish. 
Variations include square outlet 
flange, inlet stud or tapped holes, 
motor vertical up or down. 

YS Blowers are widely used in 
photographic dark rooms, labora- 
tories, kitchens, refrigeration and 
air conditioning units, vending 
machines, for cooling electronic 
tubes, and similar application. 

Send coupon for catalog on the 
complete line of Heinze Sub- 
Fractional Horsepower Blowers 
and Motors. 


ELECTRIC COMPANY 
685 Lawrence St. 
Lowell, Massachusetts 


Heinze Electric Company 
685 Lawrence St., Dep't D 
Lowell, Massachusetts 


Please send catalog on Heinze Sub-Fractional 
Horsepower Motors and Bs.ers. 


Name & Title 





Company 





Street & No. 





City & State 
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REPRINTS 


Complete reprints of major article 
series and collections of articles, and 
extra copies of Macnine DEsIGN 
Books, are available from: Reader 
Service, Macnine Desicn, Penton 
Bldg., Cleveland 13, Ohio. Remit- 
tance or company purchase order 
must be enclosed with your order. 
Add 3 per cent to orders in Ohio to 
cover State Sales Tax. 


The Bearings Book, 1961 Edition (256 
pp.) $2 
The Seals Book, 1961 Edition (240 pp.) 


$2 

The Fasteners Book, 1960 Edition (236 
pp.) $2 j 

Preventing Fatigue Failures, by F. B. Stu- 
len, H. N. Cummings, W. C. Schulte, 
1961 (32 pp.) $1 (available Aug. 1) 

Simplified Vioration Analysis by Mobility 
and Impedance Methods, by R. P. Thorn 
& A. H. Church, 1959-1960 (80 pp.) $2 

Inside the Engineer, by Eugene Raudsepp, 
1958-1960 (52 pp.) $1 

Mobility of Cross-Country Vehicles, by 
M. G. Bekker, 1959-1966 (32 pp.) $1 

Engineering Approach to Hydraulic Lines, 
by Jaroslav J. Taborek, 1959 (36 pp.) $1 

Planning New Products, by Philip Marvin, 
1953-1958 (102 pp.) $3 

Friction-Clutch Transmissions, by Z. J. 
Zania, 1958 (30 pp.) $1 

Design Guide—Flexible Couplings, by Leo 
F, Spector, 1958 (128 pp.) $1 

Special Report on Electric Motors, Staff 
Report, 1958 (42 pp.) $1 

Electronic and Electric Power Supplies, 
(Symposium) 1958 (40 pp.) $1 

Human-Factors Engineering, by J. D. Van- 
denburg and C. T. Goldsmith, 1958 (32 
pp.) $1 

Mechanics of Vehicles, by Jaroslav J. Ta- 
borek, 1957 (94 pp.) $2 

Design for Fatigue Loading, by Joseph 
Marin, 1957 (34 pp.) $1 

Hydraulic Servo Fundamentals, by J. M. 
Nightingale. 
Volume 1: May-Nov., 1956 (32 pp.) $1 
Volume 2: Nov., 1956—Mar., 1957 (30 


pp.) $1 
Volume 3: May, 1957—Feb., 1958 (44 


pp.) $1 
Adjustable-Speed Drives (Electrical-Me- 
chanical-Hydraulic), Staff Report, 1954- 
1955 (146 pp) $2 
MACHINE DESIGN Data Sheets 
1960 (130 pp.) $2 
1959 (136 pp.) $2 
1958 (132 pp.) $2 
1957 (102 pp.) $2 
1956 (114 pp.) $2 
Transactions of the Mechanisms Confer- 
ences 
Sixth Conference, 1960 (152 pp.) $2 
Fifth Conference, 1958 (240 pp.) $3 
Fourth Conference, 1957 (104 pp.) $2 
Third Conference, 1956 (40 pp.) $1 
Second Conference, 1954 (50 pp.) $1 
First Conference, 1953 (48 pp.) $1 
Tips and Techniques 
Vol. 1—Drafting Aids, 1956-1957 (32 
pp.) $1 
Vol. 2—Engineering Aids, 1956-1958 (30 
pp.) $l 








e 


.».is shape flexibility 





NO!SN&AIW!d | | 


The investment casting proc- 
ess allows a new freedom of 
design ...in shape... in 
materials. You can now 
design for function—the way 
you want the part! 

This functionally designed 
instrument chassis was 
poured as an investment 
casting without design com- 
promise. Dozens of expen- 
sive and complicated ma- 
chining operations would 
otherwise have been re- 
quired. Check your design 
with Hitchiner—in many 
cases you can buy just what 
you want, Write for 
complete 

technical 
and facilities 
information. 











HITCHINER 


Milford 1, New Hampshire 
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AIR CYLINDER 


Series Ke200 psi - 1%” to 14” Bores » Meets JIC Standards 


BRONZE ROD BEARING PISTON PACKING 


ROD PACKING 


FORWARD CUSHION NOSE PISTON 


LARGE PORTS 
BRASS BARREL 


ROD WIPER O-RING TUBE SEALS REAR CUSHION BUSHING 


Built To Exacting 0-M Spec’s. Dimensionally Interchangeable 


Ortman-Miller proudly presents, as an addition to accordance with NFPA recommendations for your 
its famous family of air and hydraulic cylinders, the convenience. 

all new Series K Square Head Air Cylinders. Every 

effort has been made to carry on the tradition of 

high quality that industry has learned to expect \s@Ra ORTMAN-MILLER MACHINE CO. 
from Ortman-Miller. Such factors as experience, 7 143rd Street, Hammond, Indiana 
engineering, design, craftsmanship, and the high- tenn” ("] Ndie sepvebsiinalive call. 

est quality components have been skillfully blended 
to assure the high standards of quality. 

The O-M Series K cylinders have been designed Position 
for maximum operating efficiency, long life, and 
quick and easy maintenance. 

For complete details write for Bulletin No. 115 
in which all cylinders have been dimensioned in 











| 
| 
[_] Send Bulletin 115 | 
| 
| 


Zone State 
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VERSATILE HELPERS 


ON ASSEMBLY JOBS 
EN 


Perma-Nuts 


You can have your cake and eat it too, if 
you use Perma-Nuts—the unique TRS 
' internally-threaded tubular rivets. Here, 
one Perma-Nut does the job of separate nut and bearing. 
In most applications, Perma-Nuts also give you the sim- 
plicity, speed and economy of automatic riveting, because 
they can be fed and set with standard automatic machines 
just like rivets. Strong, clean threads, entirely within the 
head, give plenty of screwholding power. Serrations 
under the head act as a built-in lockwasher. The head 
itself takes no more room than a standard hex nut of the 
same thread size, and nine standard thread sizes are avail- 
able, from #3-48 to 4-28, in steel, brass or aluminum. 
‘Think how often you’d like a rivet 
and a nut in one piece and one 
place. With a Perma-Nut, you’ve got 
it. Let your TRS man tell you the 
full story. Find him in the “Yellow 
Pages,” or write us. Send for Perma- 
Nut catalog. 


Lan 


FLUSH MOUNTED NUT PLATE 


©TUBULAR RIVET & STUD 
COMPANY 
QUINCY 70, MASSACHUSETTS 
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NOTEWORTHY 


Hydraulically Damped Flyweights 


Flyweights in a centrifugally actuated engine timing 
mechanism ere hydraulically damped to minimize un- 
desirable pulsations. The angular relationship between 
a power take-off shaft and the camshaft is a function 
of the position of the flyweights. A supply of oil from 
the engine lubricating system is fed under pressure 
through connecting axial and radial passages in the 


power take-off shaft and camshaft. The oil then flows 


| through restricted passages in the flyweights to a fluid 
| chamber surrounding the flyweight springs. Thus, 
| when the flyweights swing inward or outward, oil is 


forced to pass through the restricted passages. This 
action produces a damping effect to prevent sudden 


| or erratic motion of the camshaft in response to engine 
| speed variations. 
| pillar Tractor Co., Peoria, Ill., by Robert R, B. Back- 
| lund, John M. Bailey, Alexander Goloff, Donald C. 
| Dowdall, Pekin, and Harry M. Kiley. 


Patent 2,977,778 assigned to Cater- 


Rotary Cylinder Block 


The rotating cylinder block in a hydraulic-motor 


| engine-starting drive is supported by needle bearings 
| to prevent cocking and to minimize friction losses and 


ae \S 
ol note 
S 
Cr ESS ag = 
U ne 
toe w= 


| fluid leakage. In conventional designs, lateral-force com- 
| ponents between the ends of the pistons and the in- 
| clined cam plate tend to cock the pistons within the 
| cylinder housing. This condition results in deflection 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


HOW TO STUDY A BLIP 


When you go to all the trouble of gen- 
erating two opposed gas waves, each 
travelling eighty times the speed of 
sound, you like to get a permanent visual 
record of what happens when they meet. 

A gas physics group at Boeing Scien- 
tific Research Laboratories is doing this 
with the help of a twelve-foot length of 
Pyrex® glass pipe . . . believed to be the 
largest tube ever used in work of this sort. 

At wave impact the tube blips light for 
a few microseconds, and a camera stops 
the action and spectra of the radiation 
for further study. 

The data collected could show im- 
portant results in effective ion- and 
plasma-propulsion systems. The tube is 
also expected to be useful in measuring 
gas temperatures up to several million 
degrees. 

The tube is made from the same tough 
borosilicate glass as our pipe for chemical 
and food processing plants and our 
drainlines and heat exchangers. 

If you would like to know more about 
it, so that you could put its strength and 
transparency to work on some task of 
yours, send the coupon. 


WE NEVER MADE A TEST 
TUBE GREEN; 

WE NEVER HOPE TO MAKE ONE, 
BUT... 


Should you want a test tube green or 
yellow or blue or a mirror-blank red, a 
piece of pipe cerise, or anything else that 
can be made from glass in any color 
known to man, we can make it. 

That’s no trick. Anyone can make 
colored glass. 

But to make a glass the same color, 
right on the beam, every time . . . that, 
sir, is a trick, a trick we perform to 
perfection. 
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We helped set the color standards for 
railroad and airport and traffic signal 
lenses and then were able to duplicate 
and reduplicate the standard colors a 
million times. 


This man is looking through one of 
many drawers of samples of colored glasses 
we have melted and can duplicate for you. 
Among these glasses you will find many 
that can take thermal shock or corrosive 
environments, glasses with high dielectric 
constants or low, glasses that are trans- 
parent, translucent, or practically opaque 

. in short, glasses that not only have 
carefully controlled color but are replete 
with the many other desirable properties 
you connect with Corning products. 

From these glasses we can make you 
things that are big. Or small. One. Or a 
million. Intricate. Or simple. 

That’s our story on color in glass... 
capability. 

All we need are your ideas. All you 
need to get started is our bulletin on 
colored filters to get an idea of the range 
we're speaking of. Send the coupon for 


a copy. 


CORNING MEANS 


RESEARCH IN 


FROM CORNING 


NEW WAY TO HOLD THINGS UP 
WHEN YOU GO DOWN TO 
THE SEA 


Glass goes well with the briny. That’s 
more than you can say for most materials. 

It’s also why we think glass may make 
the perfect flotation capsule. 

We've already made an 8” by 4” cap- 
sule that withstands 17,500 psi. It has a 
density of 0.45 that of water. You can 
lower it to 3000 fathoms and retain a net 
upward force of about one pound. 

You can put it into the saltiest sea and 
leave it for centuries, and it will never let 
you, or the objects you suspend, down. 
(Remember those wine bottles they 
found sleeping at the bottom of the 
Mediterranean some twenty centuries 
after the ship had sunk?) 

With a capsule like this you should find 
it a simple, inexpensive matter to suspend 
instruments for the study of marine life, 
ocean currents, and underwater topog- 
raphy. You could suspend transoceanic 
communications equipment. 

We welcome any interest you might 
have in these or even larger capsules. 
Please write. 


GLASS 


CORNING GLASS WORKS, 5205 Crystal St., Corning, N.Y. 


Please send information on: 
(C) PyYRex glass pipe 


C) Colored filters 


[] Flotation capsules 





Combet. 
Street. 





c--_--_--- 
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GRIPCO TOPLOCK NUT 


You get these 
“extras” when 


you specify 
GRIPCO’ 


f 


GRIPCO PILOT- PROJECTION 
WELD NUT 

With or without 

locking thread 


ar f 


FASTENERS— 


Sauter 


— 40 sales representatives all 


over the country for prompt, fast service. 


lo 6, 


— Quality controlled by the 
oldest established lock nut manufacturer 


in the U.S. 


—— Large inventories to ensure out 
of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this Grip 
Nut family of Gripco FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
book under “Gripco” for the one 
nearest you. 


Other Gripes Products: 


® Brass Topiock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

® Teplock and Centerlock Hi Nuts. 

® Standard Semi-finish full and jam nuts. 

® Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to 
print. 


Send for samples and NEW CATALOG today 


GRIPCO CENTERLOCK NUT 
Locking feature in the 
center for fast feeding 
Can be applied from either 


a! 


- 


GRIPCO COUNTERSUNK 
WELD. NUT 
With oF 
locking threads. C< 
sink protects threads from 
weld spatter 


without self- 


unter- 


GRIP-NUT company 





SOUTH WHITLEY, INDIANA 


103 MAPLE AVE. 
Phone: Sevth Whitley 723-5111 


220 


Subsidiary of Heli-Coil Corporation, 
Danbury, Conn. 
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of the motor drive shaft and cocking of the cylinder 
block with respect to the valve plate. Since the needle 
bearings prevent such displacement of the cylinder 
block, the thrust exerted by a spring on the drive shaft 
positions the housing against the valve plate under all 
operating conditions. Patent 2,976,863 assigned to Gen- 
eral Motors Corp., Detroit, Mich., by Morris J. Duer and 
Clyde W. Truxell. 


Torque-Limiting Drive 


To prevent sudden application of high torque to drive 
wheels, a power transmitting mechanism slips at a pre- 
determined torque level, regardless of engine speed. 
All torque delivered to the drive shaft is transferred 





through a housing by a number of friction plates. 
These plates are engaged by a number of coil springs 
symmetrically spaced around the housing. With plates 
of cast iron and sintered bronze, and a spring rating of 
about 150 psi, the unit will deliver about 600 lb-ft of 
torque, and will slip when this level is exceeded. Patent 
2,977,779 assigned to Elenco Products Corp., by Joseph 
F. Steinke and Lloyd C. Erickson. 


Pressure-Responsive Bearing Seal 


The sealing pressure in a multiple-lip flexible bear- 
ing seal is automatically increased in proportion to the 
internal lubricant pressure. This automatic adjustment 
is attained by providing an annular pocket which is 


Adaptor 
Seal 
jLocking cap 


Orifice. 


Outer bearing race 


eS 
Reinforcing 
ring 
ded 


passage 


i 





directly exposed to the lubricant. Thus, as lubricant 
pressure increases, the seal is flexed and held against 
a rotating locking cap with a correspondingly increased 
pressure. Since line contact is varied according to load, 
the multiple-lip construction also provides increased 


Macuine Desicn 





HEAVY DUTY 
solderless terminals 


CUT FAILURES DUE TO 
VIBRATION BREAKAGE 


Formed from heavier stock 
(full .050”) to resist heavy 
vibration that fractures 
standard terminals. Econom- 
ical extra ‘“‘insurance” for 
your assemblies. Over 200 
styles, types andsizes—rings, 
spades, etc., insulated or not. 
Wire range 16-14. Crimp 
with your standard 12-10 
tooling. Full 14” barrellength 
means fast, positive extra- 
strong connections. Quick 
delivery from stock. Sharp- 
pencil prices. Write today for 
samples, bulletins, prices. 


ETC INCORPORATED 


990 E. 67 St., Cleveland 3, Ohio 
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ge WIRE 
E-Z-CODE waRKERS 


IDENTIFY WIRES OF ANY SIZE 


Self-adhering E-Z-CODES with exclusive, adhesive- 
protecting tabs give sure, foolproof, losting identifi- 

_ cation. Thousands of stock markers in a variety of 
sizes and all temperature materials. Vari-Temp 
Cloth, Flameproof Aluminum Foil, oil resistant Vinyl- 
Plastic, super-thin Polyester all in 112” and %4” 
length markers. 


NEW. ee NEW. ee NEW. ee NEW | Long electrical and mechanical life 
SELF-LAMINATING Wire Markers ROCK-Wipe contact action 


E33-00A SERIES 


; Molded pivot for hinged lever 
Designed to resist actuator 


oils, greases, chem- Solder, quick connect or screw 
icals, fluids, foreign terminals 
matter .. . partly ® Standard mounting hole dimensions 


sade aisathge RATED: UND. LAB. INC. INSP 
ania ly A  ggaeegair 10 amps. 1 h.p. 125/250V A.C. 
ea wraps - 
around itself = ee Ye amp. 125V’ D.C. 
protect the printed laminated mark- Y% amp. 250V D.C. 
niheee er ‘‘protects itself’ 
... Sticks tenaciously. 
Write for Free E-Z-CODE samples, Laboratory Test V4 Write or Call — 
Report, literature, name of local stocking distributor. 


WESTLINE PRODUCTS HERRY ELECTRICAL PRODUCTS CORP. 


A Division of Western Lithograph Company P.O. Box 66E, Highland Park, Ill. 
615 East 2nd STREET, LOS ANGELES 54, CALIF. : Phone: Idlewood 2-8182 
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‘Buffalo’ Type 
CR Fan for 
avrelel=te met -1 a'a ler: 
handling 
abrasive 
loadings 


TROUBLE-FREE SERVICE 
ON YOUR MOST SEVERE 
AIR HANDLING APPLICATIONS! 


‘BUFFALO’ BUILDS A VARIETY OF SPECIALIZED 
FANS to handle heavy dust loadings and high tem- 
perature gases that would destroy ordinary fans in a 
hurry! Here are some examples: 


15,000 CFM at 360° — A ‘BUFFALO’ TUBE-PRO- 
PELLER FAN installed between the inner and outer 
walls of a kiln. Motor outside air stream, driving fan 
by V-belt through fairings. 

MOVING AIR AT 1600°F.—A BUFFALO’ TYPE 
NV PROPELLER FAN with water-cooled bearings 
and shaft heat slinger, in the refractory field. 


HANDLING MATERIALS AND HOT GAS with min- 
imum maintenance — ‘Buffalo’ Industrial Exhausters. 


HANDLING CORROSIVE FUMES — ‘Buffalo’ 
Rubber-Lined Exhausters outlast ordinary fans 3 to 
12 times. 


NAME YOUR TOUGH AIR PROBLEM. Write us 
the details. Our Engineering Department will give you 
the logical answer in the light of our 83 years’ experi- 
ence in air handling — either with one of the many 
types of fans in our line, or with an engineered adapta- 
tion of proven worth. The results are certain to be — 
trouble-free performance! 


AIR HANDLING DIVISION 
BUFFALO FORGE COMPANY 
Buffalo, New York 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 
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NOW !.. . the industry’s finest 


AUTOMATIC PARTS FEEDERS 


at the industry’s lowest prices! 


If your operation involves the manufacture or 
processing of parts in volume quantities, it will 
pay you to investigate the cost saving advantages 
of Feedmatic-Detroit automated equipment. 


COMPARE THESE lf 
LOW FEEDMATIC 
PRICES on 


Standard Rotary Hoppers 


14” DIAMETER 


$185.00* 





16” DIAMETER 


205.00* 





18” DIAMETER 


225.00* 











All prices include 115 volt 
totally enclosed electric motor. 
220/440 volt motor $10.00 
additional. 


Automatic pick-up and placement 
units available for complete auto- 
mation of assembly process . . . 
designed to meet your specific 
requirements. 


*Tracks extra, subject to quotation. 
SEND SAMPLE PARTS FOR PROMPT QUOTATION 


FEEDMATIC—DETROIT, INC. 


P. 0. BOX 115-E * SOUTHFIELD, MICHIGAN 
Rotary Hoppers « Floor Hoppers « Automatic Gaging Machines 
Automatic Assembly Machines 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 








OVERSPEED 


One S.P.D.T. switch to trip at 
speeds between 350 and 6,000 
RPM. 


UNDERSPEED 


One S.P.D.T. switch to trip at 
speeds as low as 250 RPM. Max- 
imum operating speed 5,000 


RPM, 


OVER AND 
UNDERSPEEDS 


Two S.P.D.T. switches to trip at 
two different. speeds between 
300 and 6,000 RPM, 


OVER 
INTERMEDIATE 
AND UNDERSPEED 


Six S.P.D.T. switches to trip at 
six different speeds between 
300 and 6,000 RPM. 


EXPLOSION PROOF AVAILABLE 
The switches listed above are available with explosion 
proof containers that meet all of the specifications of 
Class 1, Group D, explosion proof equipment. 


For further 


ash for 


Bulletin 604 


SYNCHRO-START PRODUCTS, INC. 
8151 N. RIDGEWAY AVENUE, SKOKIE, ILLINOIS 
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seal life. To guard against seal blowcut under momen- 
tary high pressure, a bleed-off orifice is provided. This 
orifice is sized so that under normal operating condi- 
tions the viscosity of the oil prevents oil from passing 
through. Patent 2,977,138 assigned to General Motors 
Corp., Detroit, Mich., by Richard J]. Brittain Jr. 


Universal-Joint Package Assembly 


In a universal-joint construction, two stub pivot 
pins are connected to a center block by split rings 
to lock the main pivot pin in position and to prevent 
the assembly from working loose during operation. 
Each of the split rings is independently mounted to 








permit free rotation. This arrangement facilitates as- 
sembly and disassembly of the joint. Patent 2,977,776 
assigned to Brooks Equipment Corp., Hoboken, N. J., 
by Aloysius ]. Quinn. 


Torque-Converter Desludger 


A U-shaped channel attached to the flywheel in a 
hydraulic torque converter provides a cavity for collect- 
ing sludge and other foreign matter which might enter 
the system. The channel also acts to compress an O-ring 
seal under fluid pressure to increase the sealing action. 


The path of oil flow carries the sludge to the wall of | 


the torus cover by centrifugal force. When the oil 


reaches the channel wall, the flow of oil is disrupted | 


Channel 


Seal ring 
sy Channel 


Flywheel \ 
Drive shoft « a ‘@ 
\ie \ Cover 

f “Sludge 


and the sludge is trapped in a collecting pocket. Mount- 
ing the channel to the flywheel makes it readily ac- 
cessible for cleaning during periodic overhauls of the 
converter unit. Patent 2,977,766 assigned to General 
Motors Corp., Detroit, Mich., by Darrel R. Sand. 


May 25, 1961 








Nom Kole) tsto gm Grote 
To Draw Shapes 
Like These 


tale me lovA-1al-me) mmo heel=) a 


w«> POLAR WARE 
Facilities 





Seamless drawn oval con- 
tainer of 20 gauge, type 302 
stainless steel. 


a It will pay you to check out your new design 
ideas with Polar Ware. The chances are good that 
our hundreds of existing dies, plus the facilities of 
our complete tool and die shop, can save you thou- 
sands of dollars in tool cost, plus weeks of waiting 
time. Difficult seamless deep drawing work in stain- 
less steel is our specialty, in gauges from 3 to 30; 
also carbon steel and aluminum. . 

Take advantage of our more than 
50 years’ experience in metalwork- 
ing. Without obligation, send your 
inquiry to the Contract Department. 


Polar Ware Co. 
4500 Lake Shore Road — Sheboygan, Wisconsin 
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There's not another rotary joint like | ich H 

ag bua ey prem Precision GENEVAMATIC Drives 
inlet or outlet pipe must rotate with STANDARDIZED 
the roll—on certain paper machines, Send Us Only 6 Dimensions 
drilled rolls of rubber or plastic mills And We Can Fabricate 
and calenders, double shell dryers, : 

and the like. Needs no external sup- 
ports of any kind. Like all Johnson 

Joints the Type SN seals without % eee Po: eA 


packing, needs no lubrication or ; : ers. Accurate indexing 
adjustment. smooth performance and 
long operating life. FOR 
Investigate Johnson Joints for | 2 ‘ DETAILS AND ENGINEER- 
all steam-heated or water-cooled | cane te,” ICATIONS, 


rolls. Handle Dowtherm, Mon- 


santo Aroclors,hotoilstoo.Sizes | 
to 8”. For data on Type SN write Genevamatic 
for Bulletin N-2002. G ENCO Engineering Corp. 


7 JOHNSON CORPORATION Dept. MD-1, P.O. Box 10386, Tampa 9, Florida 


: Standardized MICRO-Geneva Drives 


NEW STANDARDIZED 
MINIATURE LINE. 4, 
6 and 8-point Micro- 
Geneva Drives. Cen- 
ter distances from 
-750 to 2.000 by Ve” 
increments. PRECI- 
SION MANUFAC- 
TURED. 


3 to 24 indexing stations. 


Exclusive miniature 
cam follower bear- 
ing. Accurate index- 
ing, positive locking, 
high _ performance. 
WRITE FOR ENGI- 
NEERING SPECIFICA- 
TIONS: 


va Pevnets ae 


MINIATURE MECHANISMS, INC. 
Dept. MD-2, P.O. Box 10221, Tampa 9, Florida 
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BASIC ENGINEERING HELP FROM 


FOR VEHICLE DESIGNERS ONLY 


MOBILITY OF FRICTION-CLUTCH 
CROSS-COUNTRY VEHICLES TRANSMISSIONS 


A series of articles presenting up-to-date design data A basic guide for the selection and 
and mathematical methods for analyzing off-the-road 


locomotion of vehicles. application of friction clutches to 


Matching vehicle design to reliably join power transmission ele- 
¢ soil characteristics 
e thrust 
© flotation + cei : 
a : eee complete transmission systems, in the 

motion resistance 

® track and wheel requirements design stage, are presented in this 
® optimum loads 

are the relationships covered in the booklet. 


$1.00 a copy $1.00 a copy 


ments. Parameters for the balance of 


four-part series. 














MACHINE DESIGN 
Penton Building 
Cleveiand 13, Ohio 
Please send me_______ copies of 
“Mobility of Cross-Country Vehicles” oS 
Please send ine ______copies of 
“Friction-Clutch Transmissions” CITY 


(Add 3% to orders for delivery in Ohio to cover State Sales Tax) 











ee 
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POWER SUPPLY 
PROTECTION! 


sub-miniature 
thermal 
magnetic 


CIRCUIT 
BREAKER 


Series 43-500.00-S! 

featusing— 

@ auxiliary contacts N.O., N.C. 

@ power failure indication 

@ elimination of fuses 

@ push button operation 

@ simplified circuitry—cost-savings 

RATED: 50 milliamps to 10 amps 

240 V A.C., 65 V D.C. 


Call or Write 
PRODUCTS COMPANY OF AMERICA 


6284 N. Cicero Ave. * Chicago 46, © Kildare 5-1553 
E-T-A Products of Canada, Ltd. 
265 Craig St. West * Montreal 1, Que. 
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AUTO-PONENT 


HYDRAULIC 
FULL FEOW VALVES 


Flow Control, Needle, Check, 
for HYDRAULIC Power 

Model KF Flow Control Valve with Dial 
and Knob 4 r direct read 
ing and duplicating ference. Now 
available in Aluminum) for 3000 psi 


—— Pat. #2,841, 174 
A complete line: Ve”, 4”, %”, V2”, and 34” femaie Dryseal 
Pipe Sizes in all models and types. Equivalent Aeronautical 


Tube Sizes on special order. 

MINIMUM PRESSURE DROP AND POWER LOSS... . Oversize 
ports and passages give maximum flow at minimum pressure 
drop, insure greater accuracy and response in hydraulic or 
large volume air cylinder control. 


EASY FLOW ADJUSTMENTS under ful! pressure. Seal located 
at port to eliminate air or dirt traps. Gland structure equally 


} mag ‘ ee 


effective on pressure or vacuum. 
SENSITIVE, CHATTERLESS BALL CHECK . . . Patented design 
insures rapid ball movement to open or close at low differ- 
entials. 

FORGED BODIES permit higher pressures with wide sstety a 
margins. Aluminum—3000 psi; Steel and Stainless Steel—— 
5,000 psi. Pressure ratings based on better than 5 to 1 
safety factor. All internal parts are Stainless. Write for 


illustrated catalog. 
TYPICAL APPLICATIONS 


ARROW INDICATES TWO DIRECTION CONTROL 
DIRECTION OF CONTROL tar ut yo 
=> => hectic. Valve for 
CLOSE CONNECTION Panel mounting, 


CLOSE commec rion a pat 


Controlling Double Controlling Single 
Acting Cylinder Acting Cylinder 


oe = f 
Auto Ponents [Nv 2925 GRANT STREET 
Faron _JBELLWOOD Chicago Suburb) ILLINOIS 
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Compression & Tension Type 
Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
wita “O” rings. 3” standard bend radius. 
%” minimum bend radius. 


Three Types: 

1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 

2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 

3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 !bs. 





Positive remote controls for actuating mechanical, hy- 
draulic or other devices. Eliminate bell cranks, pulleys 
and dual cables. U. S. Patent No. 2441719. All 
world rights reserved. Send for ENGINEERING MANUAL 
No. 1551 giving complete specificati covering materi- 
als, finishes, capacities. Please address Dept. MD-PP-61. 





SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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"PARAMOUNT ’ 
; Die Castings | 
t i 
! ; 


ia les 
AT WORK e ee | 


No. 8 of a Series. 


RADIAL-ARM SAW 
gets Rigidity with Light Weight from @ ruse cap 


PARAMOUNT DIE CASTINGS © :2isc: 


Central Specialty Division, King-Seeley Thermos Com- ©@ upper 
pany, selected Paramount to supply the die castings — 
for critical parts of this high quality Craftsman saw, 
made exclusively for Sears, Roebuck and Co. Why © Bade cuaro 
Paramount? Because of Paramount's well-known engineering and production 
know-how—Paramount’s ability to consistently meet the highest standards 
of precision at lowest possible cost—Paramount’s careful scheduling which 
assures deliveries that fit customers’ production schedules. 


It will pay you to look to PARAMOUNT. 
If your product incorporates zinc or aluminum die castings, or 
you're considering them, investigate Paramount's complete serv- 
ices—from drawing board to finished part. 


PARAMOUNT Dee Casting Ca. 


(A subsidiary of TALON, INC.) ST. JOSEPH 3, MICHIGAN 


Three complete plants—two in St. Joseph, Mich., one in Seymour, Ind. 
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$142” 


, SAVED 


By Converting from 


BRONZE CASTING 


to 


PRESSED STEEL STAMPING 


For a cost comparison between stamping and your 
present production method send us a sketch, blue- 
print or part, plus quantity for a prompt quota- 
tion. 


Dayton RoGERS 
AManupactu Ung C ompuang 


MINNEAPOLIS 7C, MINNESOTA 
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HOW TO “MULTIPLEX” 
‘A MACHINE! 

















Cisppard MINIATURE 
SHUTTLE VALVE MSV-1 


@ Ever have a design problem where it was necessary to actuate 
one cylinder from several valves? Or a situation where different 
ressures had to be applied to the same cylinder for different work 
unctions? 

This is easily accomplished with new Clippard MINIATURE 
SHUTTLE VALVES, MSV-1 (only 34” in size overall), which permit 
alternate flow from two inputs to single output. 

For example, in diagram above, ‘‘V-1" is nc tw | Seemes 
with solenoid, ‘‘V-2’’ with cam follower and ‘V-3” with manual 
push button. ‘V-4" controls flow from higher pressure source. 
All valves operate cylinder “A”. For 
each additional control valve, one ad- 
ditional shuttle valve is required. SEE OUR DISPLAY 

You will find the new MSV-1 use- Booth 1013 
ful in many multiple circuitry applica- DESIGN 
tions including “inching” operations ENGINEERING SHOW 
and safety devices, Detroit, May 22-25 

COBO HALL 


Write for New Bulletin No. 960 


Ciippard INSTRUMENT LABORATORY, INC. 


7380 Colerain Rd., Cincinnati 39, 0. * Phone JAckson 1-4261 


Manufacturers of Miniature Pneumatic Devices, R.F. Coils, Electronic Equipment 


























New GEMCO 
ROTATING CAM 
LIMIT 
SWITCH 


PRECISION 
‘ CAM ADJUSTMENT 
WITH A SCREW DRIVER... 


One type cam... no 
special cam lobes required. 
Snap Action Switches, N. 0. and 
N. C.—electrically separated 


2 through 12 
circuits. Available in NEMA 
1,4,5,7,9 and 12 enclosures. 


Please send Bulletin 558 for complete story of new 
Gemco Rotating Cam Limit Switches. 


NAME 
COMPANY 








ZONE STATE 





ELECTRIC COMPANY 
GG a 25685 West Eight Mile, Detroit 40, Mich. 
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ENGINEERS 


AVAILABLE OR WANTED 


WANTED: Development Engineer. Research laboratory of 
large steel producer in western Pennsylvania offers out- 
standing opportunity for a graduate Mechanical Engineer 
with experience in development and design of metals-proc- 
essing equipment and with facility in oral and written 
communications. Forward complete information including 
salary requirements to Box 992, MACHINE DESIGN, Penton 
Building. Cleveland 13, Ohio. 











accelerate production, 
improve accuracy, cut costs with 


electronic 
predeter mining 


S- DECADE UNIT counter 


Tally-cOUNT’ automatically counts precise units into 
a container . . . determines exact footage from a roll . . . stops 
and recycles machine operations at preset counts, at electronic 


speeds. 
Tally-counr' Count, inspect, control production 
AUTOMATICALLY ; 


is actuated by external con- 
tacts or electronic impulses; 
PHOTO-ELECTRIC 


control relay operates requir- 
CONTROLS 


ed mechzuism: solenoid, 
“} : 
5 


motor, cut-off knife, etc. 
Plug-in relays, receptacles for 


Optional plug-in accessories: 
Batch Register, Photo-Electric 

plug-in connection of time de- 
lays, lamps and cells. 


Eyes, Footage Counters, Mul- 
tiple Pre-Set Decades, 
SPEEDS OPERATION 
ELIMINATES GUESSWORK 
BOOSTS PRODUCTION 


Write for Brochure TR-5. 


---------------4 


standard °°" 


Circle 361 on Page 19 











ere saw PUMPs 
NOW IN PRODUCTION 


IN A NEW, MODERN PLANT 


The advanced engi- 
neering and produc- 

tion facilities of 

Aircraft Armaments, 

Inc. are now being 
applied to the man- 
ufacture of famous, 
precision-built 

Hele-Shaw and 
Hydramite Pumps. 

Write for full details on 
how these versatile pumps 
can help solve your power problems. 


Please address inquiries to: 


AE INDUSTRIAL DIVISION 
AIRCRAFT ARMAMENTS, INC. 
Post Office Box 6853, Baltimore 4, Maryland 


CLEVELAND DISTRICT: A.E. Company, 1157 Leader Bidg., Cleveland 14, Ohio 
N.Y. DISTRICT: AE industrial Division, 1 Exchange Place, Jersey City 2, N. J. 
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FLEXIBLE COUPLINGS 


Here is a design guide full of practi- 
cal help and specifications on 100 
basic forms of flexible couplings. 
This 28-page manual is completely 
illustrated and cataloged for your 
reference. 


$1.00 a copy 


Order from 


MACHINE DESIGN 
Reader Service 
Penton Building, Cleveland 13, Ohio 


(Remittance or Company Purchase Order must be enclosed with erder.) 











.. . SPEAKING OF 


ENCLOSURES 


A certain ancient maker of enclosures Anmen-tuh-him 
always got an extra dinar or two for his products, 
for it was well known to all that he scrupulously met 
M0T* and other industry standards. 


Today’s buyers of electrical enclosures invariably find 
that MEK enclosures not only meet, but always exceed 
applicable industry standards . . . and don’t cost a dinar 
more. 
*MAKE-IT-TIGHT 

Our latest catalog tells the whole story. 


ELECTRICAL ENCLOSURES FOR INDUSTRY 
JIC, NMTBA SPECIALS 


© Manufacturers of Electronic and Magnetic Controls 
Motor Control Centers 


MACHINERY ELECTRIFICATION, INC 
56 HUDSON STREET, NORTHBORO, MASSACHUSETTS 
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Penton Building, Cleveland 13, Ohio 
Main 1-8260 
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WUC 


for complete 
electric heat 


VULCAN CIRCULATION HEATERS 


Complete range of sizes for 
heating oil, water, steam, 
air, and gases. 


VULCAN RADIANT HEATERS 


Unlimited applications for 
spot comfort heating and 


VULCAN AIR DUCT HEATERS 


Forresidential, commercial, 
and industrial installations. 


VULCAN IMMERSION HEATERS 


For direct immersion in all 
types of liquid materials. 


Whether you need com- 
plete units or component 
elements, rely on Vulcan 
Versatility in product, 
engineering, and service. 
Write for catalog. 


VULCAN 


\ 
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backtalk—— 


—Design of Machine Design 


In a little brochure distributed for the pur- 
pose of winning new subscribers, the New 
Yorker explains its editorial policy: The editors 
do not try to guess what readers want, but 
publish what they themselves think is inter- 
esting, illuminating, or funny—what they “en- 
joy and believe in.” 

The editors of Macuine Desicn also do not 
try to guess what readers want—we publish 
what our studies indicate you want and what 
we believe is illuminating and interesting. A 
statement your snoopy Backtalker found in 
Editor Carmichael’s correspondence explains 
our purpose: 

Macuine Desicn aims to be the “com- 
pleat” guide for product design engineers 
and their managers. It provides: 1. Princi- 
ples, methods and data for solving engi- 
neering and research problems. 2. Up- 
dating on new developments. 3. Personal 
counseling on problems relating to the 
reader’s job or to the engineering pro- 
fession. 

As for funny, we try to add about | per cent 
to the mixture in each ‘ssue. 


—A Dirty Story 


Don Bailer, of the public relations depart- 
ment of Aerojet-General Corp., sends us anec- 
dotal news releases—headed “Take Me to 
Your Reader”—which deal with the lighter 
side of the space business. The latest is in- 
teresting, if a shade indelicate. 

It seems that limited facilities of a space 
capsule preclude proper tooth brushing, shaving, 
and bathing. Foam from toothpaste could not 
be handled by the water recycling system, 
shaving soaps would harm the ship’s bacterial 
digestion system, whisker dust from electric 
razors would create a problem, and there sim- 
ply isn’t room to carry water for showers or 
baths. These factors lead Mr. Bailer to ob- 
serve that astronauts are likely to return from 
space missions “wearing mighty green grins” 
and the “well-bathed and barbered adventurers 
who start out a carefully selected, favored few 
will come back a rather unfavorable phew.” 

However, this way of life may make space 
exploration an even more attractive career 
possibility to the young grimy-paw set. 


—Long-Range Shortchanged 


A Canadian reader, C. R. Matthews, takes 
us to task for not mentioning American Mo- 
tors on our April 13 editorial page. We said 
that “. . . compact cars produced by the major 
manufacturers were more the result of crash 
programs than of long-range planning . . .” 
and that the Polaroid company relies on 
“ . insight into the deep needs that people 
don’t know they possess.” Reader Matthews 
very properly feels that the dynamic George 
Romney’s company is an exception to the first 
statement. Perhaps we should have been more 
specific and said “big-three” instead of “major.” 
And, having mentioned cars, we should not 
have slighted American Motors while pointing 
to Polaroid’s shining example. Our salutes 
and our apologies to the originators of the 
compact car. 


—Weighty Observation 


The engineers and designers responsible for 
new Plymouths are credited with this analogy: 
“Planning a new model is like love-making 
among elephants. There is a lot of trumpeting, 
everything of significance transpires at a high 
level, and nothing comes of it for three years.” 


Eprror’s Note: Mother Nature wins again— 
a fact-check with the World Almanac reveals 
that elephants take only 21 or 22 months. 


—Prizes for Gray Matter 


If you have designed a gray or ductile-iron 
casting, you are eligible to enter the 1961 An- 
nual Design Contest sponsored by the Gray 
Iron Founders’ Society. And you'll win— 
either part of the $850 for the top seven 
awards, or one of the “handsome, personal 
gifts” that will go to every bona fide entrant. 

Designs will be judged on functional quali- 
ties, cost, appearance, and general commercial 
importance. Official rules and entry blanks 
are available from Gray Iron Founders’ Society, 
National City-East Sixth Bldg., Cleveland 14, 
Ohio. The contest closes July 15. 
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MOLYBDENUM 


CLIMAX MOLYBDENUM COMPANY, a division of American Metal Climax, Inc., 1270 Avenue of the Americas, New York 20, N.Y. 





RECENT TEST SHOWS MORE PROOF 
OF MoS,’s LOAD-CARRYING ABILITY 





New Teflon-MoS, Bearing 
Component Withstands 
Temperatures Up To 575°F 


A new precision ball bearing, which 
operates at temperatures up to 575°F 
and needs no conventional lubrica- 
tion, is now coming off the lines at 
the Barden Corporation’s plant in 
Danbury, Conn. Trade-named BAR- 
TEMP, the new bearing utilizes a 
ball retainer of reinforced Teflon 
compounded with “Moly” lubricant. 
Resistance to deformation is much 
higher than that of pure Teflon*. Also, 
the material serves as a dry lubricant. 
As the bearing rotates, microscopic 
amounts of Molysulfide rub off and 
are deposited on the raceways. Re- 
sult: superior lubrication and far 
longer bearing life. 

Successful applications include 
synchros, fans, motors, blowers, 
harometic pressure switches, tachom- 
eter generators, and other devices 
operating from 1,000 to 24,000 rpm, 
at temperatures ranging from —100°F 
to 575°F. 

*T.M. E. 1. du Pont de Nemours & Co., Inc. 


When writing, refer to CL-105 





“Moly” GIVES WIRE ROPE 
45% MORE BENDING LIFE 


That’s the forthright verdict of one of 
the leading wire rope manufacturers, 
which recently tested its MoSe-lub- 
ricated wire rope against four other 
leading brands. Fatigue tests and 
field tests demonstrated the rope’s 
ability to outlast other premium wire 
ropes in service. 

Used as an ingredient in wire draw- 
ing compound, Molysulfide creates a 
micro-shield around each wire. This 
smooths out minute surface imperfec- 
tions and prevents the wires from 
grinding together as the rope flexes. 
Result: reduction of internal friction 
—better resistance to fatigue—far 
longer rope life. 

When writing, refer to CL-106 
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From the German laboratory of Alpha Molykote Corporation comes 
new proof of Molysulfide’s ability to resist galling and seizing at 
pressures beyond the yield point of most metals. Previous tests have 
shown that MoSe sustains loads up to 475,000 psi. In this 
Almen Wieland test, similar to the Falex test, a 14’ pin actually 
extruded without any surface damage at pressures of 100,000 psi, while 
similar pins using other lubricants were torn, galled or ‘“‘frozen’’ to 


the point of breakage. 





Ee ee i 

photo above shows mild steel 
pins used in Almen Wieland test. 
No. 1 is unused Control Pin. No. 2 
(lubricated with mineral oil and 
MoSz) and No. 3 (with MoSz bonded 
coating) were elongated and extruded 
without weight loss. No. 4 shows 
typical failure with conventional lub- 
ricant. Note that the key sheared off 
and that pin and block were galled 
and seized. Surveys of many lab- 
oratories indicate that the extrusion 
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phenomenon exhibited by No. 2 and 
No. 3 pins has never been produced 
with any other conventional lubri- 
cant. 

As a result of Molysulfide’s unique 
pressure-sustaining ability, MoSe is 
widely used as a “‘break-in” lubricant 
which prevents abrasion and seiz- 
ing, permits shorter “‘break-in” runs, 
and prevents bearing damage when 
boundary lubrication occurs. 

When writing, refer to CL-107 








DESIGN or MODERNIZE POWER DRIVE SYSTEMS 


... with 
Fawick air-actuated clutches 





THERMAL EXPANSION of shaft during warm-up presents 
no problem in fan drive at Tidewater Oil Company's 
Avon (Calif.) Refinery. Control system for Fawick VC 
Ventorque Clutch provides pulsating engagement and 
disengagement during start-up. As shaft expands axi- 
ally, clutch drum moves further into clutch element 
with no effect on fan speed or efficiency. Reduction 
gears and bearings are thus protected from damage 
Ventilated construction dissipates heat fast, keeps 
clutch efficiency at peak. 


CONTROLLED ACCELERATION AND INSTANT STOPPING 
through coordinated action of CB Airflex Clutch and 
Brake provide exceptional safety during operation of 
mixing mill produced by Sherman Rubber Machinery 
Co., Worcester, Mass. In case of emergency, clutch 
disengages instantly from shaft and brake engages 
This permits immediate stopping since motor \oad is 
not imposed on brake. Positive safety for both oper- 
ator and machine, plus smooth clfitc#-coupling action 
during start-ups, are Fawick contributions to ‘outstand 
ing performance of mill. 


.for smoothest clutch-coupling action, lowest maintenance 


FAWICK drum-type air clutches are ideal for design or 
modernization of power drive systems requiring exceptional 
clutch-coupling performance. FAwick design: 


Starts machines smoothly—Rubber actuating tube 

absorbs operating shock, provides cushioned engagement. 
Slip-clutch action may be applied for controlled acceleration. 
These advantages result in full protection for drive system 
components, fewer major repair bills, minimum downtime 
for maintenance. 


Permits misalignment—Drum-type design with 
rubber actuating tube provides resilience to “give” when 
minor misalignment occurs, assuring damage-free operation. 


Compensates for shaft elongation—Separately 

mounted drum and clutch, plus pulsating controls, permit 
axial shaft movement necessitated by thermal conditions. 
Clutch control allows rapid engagement and disengagement 
during operation without affecting machine speed or 
efficiency. 


Meets any torque transmission requirement—Fawick 
units are produced with torque capacities to 1,130,000 
in.-Ibs. at 75 psi, with choice of expanding or 
constricting types. 


Assures operator and machine safety—Clutch action 
can be precisely regulated during operation, allowing 
immediate disengagement in case of overload or other 
emergency, insuring manpower and machine protection. 


For details-on how to build superior clutch performance 
into your drive system, call your nearest FAwIckK representa- 
tive or write the Home Office. 
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conveyors 
marine drives 
fan drives 
power shovels 
paper machinery 
rubber mills 
drilling rigs 
grinding mill drives 
hoisting and 

mining equipment 
roll forming machines 


use Fawick 
air clutches 
for service on: 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 
9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 
Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 


ENWA BIER E 4 
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INDUSTRIAL CLUTCHES AND BRAKES 
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planning and doing 


One night the mice held a meeting to decide how to end their troubles with the cat. She 


never failed to take one or two of them every night, and they were desperate. / Many 


plans were suggested to solve their problem of safety, but all were discarded. At last a 


smart young mouse spoke up: “Why not put a bell on the cat, so that we can hear her 


coming?” / Everyone thought that this was a fine idea, and the young mouse was very 


pleased with himself. Then a shrewd old mouse, who had kept quiet up till then, remarked, 


“Indeed a good solution, but who will hang the bell around the cat’s neck?” / Not a mouse 


spoke a word. One by one they crept away. The meeting was over. 


moral: Not just planning - but doing - brings 
most profitable rewards. 


Planning and doing are very different things. The manufac- 
turer who plans to design machines that will accommodate 
standard stock cylinders has a good idea. The manufacturer 
who does design standard stock cylinders into his machines 
sees his good idea cut production costs, earn a lower cost 
per unit . . . and increase profits. 


You can earn profitable rewards using Hydro-Line standard 
stock cylinders. They have all catalog stock dimensions, 


“TL. 


HYDRO-LINE 
CYLINDERS 


cost 10% less than custom cylinders, and are delivered 
quickly. Of course, your order for modified cylinder designs 
also will receive prompt attention. 


Either way, anticipate your cylinder requirements during the 
machine-design stage. Look in Sweet’s Product Design File 
(Bulletin 8a/Hy) for standard dimensions of stock cylinders 
and the address of your nearest Hydro-Line representative 
Then ask him for the best cylinder for your particular appli- 
cation. 


Cae 


5602 PIKE ROAD e ROCKFORD, ILLINOIS manufacturers of: high- and low-pressure hydraulic cylinders e heavy- 
duty air cylinders e adjustable-stroke cylinders e dispensing cylinders e intensifiers e single-acting cylinders e booster cylinders 
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C/R offers 

new bonded 
CRS Seal design 
in standard sizes 
— without premium 
tooling charges 


Design Advantages 

The CRS Seal now provides a new level of 
C/R Seal performance through its simple, 
bonded design. There are no internal parts 
to misalign, no avenues for internal leak- 
age. The shell and sealing member are 
integral — bonded securely for the long 
life of the seal. The CRS Seal incorporates 
a sealing member with both improved lip 
configuration and improved concentricity. 
The sealing member has been strengthened 
over former designs by placing more ma- 
terial at points of major flex and wear — 
and without increased shaft loading. 


Designer Advantages 

The CRS Seal gives the designer one, basic, 
rugged shaft seal design which may be ap- 
plied with high reliability to the great ma- 
jority of common shaft seal applications 
— particularly in industrial, automotive, 
farm, and off-the-road equipment. 

Four basic design variations are available. 
As you can see, these provide an auxiliary 
sealing lip, where it may be required, or 
provide extra rugged shell construction 
where conditions suggest the need to pro- 
tect the seal lip against assembly damage 
—or where large, heavy-duty shafts are 
being sealed. 





Selection of the new C/R Type CRS Seal 
gives the designer and buyer major advan- 
tages over special seals: shorter lead time 
on orders, simpler specification, savings in 
time and money, and improved assembly 
quality and reliability. 


Operating Maximums 

Shaft Speeds 3600 fpm (single lip) 

2500 fpm (double lip) 

015” TIR dynamic 
eccentricity 

010” static eccentricity 
30 to: <F 275°¢ 

(225°F. in EP lube) 

5 psi (single lip 

10 psi (double lip 

Oil, grease, fuel, water 


Run-out 


Temperature 
Pressure 


Media 


*Not all conditions present in one agplicatior 


New, Improved Compound 


Standard sealing members for the C/R 
Type CRS Seal are molded of a new Sir- 
vene synthetic rubber compound having 
markedly superior sealing and wearing 
properties. It is a Buna-N-based material 
with low-friction characteristics. The CRS 
Seal can also be furnished in the usual 
special materials such as acrylates, Sili- 
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cones, and butyls. Shells are of standard 
steel, but can be provided in corrosion- 
resistant materials on special order. 


Consult C/R Engineers 

For assistance on the application of the 
new CRS —or on any oil seal problem, 
get in touch with C/R Oil Seal Engineers. 
They're specialists in fluid sealing — and 
will gladly cooperate with you. 


For More Design Data: 


You will want the complete design data 
on the new CRS Seal. Write for our Bul- 
letin CRS-100. It gives you the complete 
list of standard sizes, widths, O.D.’s, shell 
thicknesses and sealing lip heights. You 
will want it to compare and then specify 
C/R’s CRS Seal. 


CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1221 Elston Avenue * Chicago 22, Illinois 
Offices in principal cities 
See your telephone directory 
In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., 
Brantford, Ontario 


Export Sales: Geon International Corp., 
Great Neck, New York 
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